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NOMENCLATURE 


Rjq  - Distance  from  the  ground  zero  at  which  the  probability  of 
damage  is  0.5 

P.-«  - Calculated  peak  pressure  at  which  the  probability  of  damage 

is  0.5 


P^(R)  - Probability  of  damage  versus  distance  to  the  ground  zero 

relationship 

a,  - Distance- damage  sigma.  Related  to  variance  of  probability 
of  damage  versus  distance  to  the  ground  zero  relationship 


6 - Standard  deviation  of  log  normal  distribution  function 

a - "Cut-off"  limit  for  log  uniform  distribution  function 


c - "Cut-off"  limit  for  log  triangular  distribution  function 

Subscripts;  „ - Denotes  parameter  Involved  in  the  probability  of  damage  ver- 

sus distance  to  the  ground  zero  relationship 

p - Denotes  parameter  involved  in  the  probability  of  damage  ver- 
sus calculated  peak  pressure  relationship 
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I.  INTRODUCTION 


There  Is  an  ever  growing  consensua  that  future  military  operations 
will  require  more  precision  than  was  called  for,  or  possible,  in  the 
past.  In  this  context,  precision  refers  to  the  ability  to  inflict  the 
maximum  possible  damage  to  intended  targets  while  at  the  same  time 
minimizing  the  undesired  damage  to  collateral  targets.  The  need  for 
such  precision  of  military  actions  is  emphasized,  in  particular,  in  the 
Instance  of  a possible  NATO-Warsaw  Pact  nuclear  conflict  and  in  poten- 
tial selective  nuclear  response  options. 

An  essential  part  of  attaining  attack  precision  is  the  selection 
of  almpoints  for  the  nuclear  weapons.  In  turn,  proper  almpoint  selection 
depends  upon  the  accuracy  with  which  the  damage  expected  to  be  sustained 
by  the  Intended  target  as  well  as  by  nearby  personnel  and  property  can 
be  estimated.  Thus,  the  useful  application  of  the  aimpoint  selection 
process  requires  the  existence  of  accurate  knowledge  concerning  the 
damage  potential  of  the  several  weapons  effects  (i.e.,  nuclear  radiation, 
thermal  radiation,  and  air  blast)  as  a function  of  distance  from  the 
ground  zero  of  the  weapon  and  of  the  characteristics  of  the  ta^  £,et  ele- 
ment. (These  damage  potentials  are  commonly  expressed  in  terms  of 
and  Oj,  where  is  the  distance  at  which  the  probability  of  damage  is 
0.5  and  is  the  so-called  distance-damage  sigma,  which  is  related  for 
cumulative  log  normal  damage  laws  to  the  standard  deviation  of  the 
probability  of  damage  versus  distance  relationship.) 

The  consequence  of  inaccurate  knowledge  of  these  damage  potentials 
depends  on  the  nature  of  the  inaccuracy  and  whether  intended  or  unin- 
tended damage  is  being  considered.  At  the  high  probabilities  of  damage 
tnat  are  implicit  in  considerations  of  intended  damage,  modest  levels 
of  inaccuracy  will  not  result  in  a significant  misestimate  of  the  level 
of  damage. 
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At  the  low  nr^babillties  of  damage  that  are  Implicit  to  considera- 
tions of  colln' cial  damage,  the  results  are  fairly  sensitive  to  inaccur- 
ate knowledge.  On  the  one  hand,  ii  the  damage  potentials  were  under- 
estimated, the  level  of  unintended  damage  created  by  the  weapon  would 
be  much  greater  ;;han  anticipated.  On  the  other  hand,  overestimation  of 
the  damage  potential  of  a weapon  could  cause  important  military  targets, 
which  were  in  fact  suitable  for  attack,  to  be  eliminated  from  the  attack. 
Both  of  these  consequences  are  undesirable. 

In  the  case  of  blast  damage  to  structures,  the  parameters  relating 
damage  potential  to  distance  (i.e.,  and  o^)  are  related  to  the  con- 

struction characteristics  of  a structure  class  through  the  mean  and  the 
standard  deviation  of  the  probability  of  damage  relationship  based  on 
analyses  of  damage  to  Japanese  st*-uctures  at  Hiroshima  and  Nagasaki. 

'.Jhile  the  overall  practi  -e  appears  to  be  fairly  sound,  certain 
questions  can  be  raised  as  to  the  relevancy  of  applying  the  results  of 
analyses  to  considerations  of  both  intended  and  unintended  damage  in 
scenarios  involving,  say,  potential  NATO-Warsaw  conflicts.  Primary 
among  these  are  the  following  questions: 

a) .  Are  the  value"?  of  o^,  the  distance-damage  sigma,  estimated 
from  damage  criteria  that  are  orientated  toward  intended  damage  to 
structures  applicable  to  other  damage  criteria  that  perhaps  may  be 
more  consistent  to  collateral  damage  considerations? 

b) .  Are  the  values  of  o,  that  are  derived  from  the  mix  of  struc- 

d 

tures  within  a given  structural  class  that  were  present  at  Hiroshima 
and  Nagasaki  really  appropriate  to  the  mix  of  structures  within 
the  same  general  structure  class  that  may  be  present  in,  ay, 

Europe? 

c) .  Can  the  Japanese  structural  damage  data  shed  any  light  on  a 
preferred  form  of  the  probability  of  damage  versus  distance  (or 
pressure)  relationship? 
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The  efforts  reported  in  this  document  attempt  to  illuminate  the 
answers  to  these  and  other  related  questions  through  a reexamination  of 
the  structural  damage  to  buildings  at  Hiroshima  and  Nagasaki.  These 
efforts  were  divided  into  two  basic  tasks  or  phases.  The  first  phase 
was  a Data  Base  Compilation  phase,  where  the  primary  emphasis  was  on 
reviewing  source  documents  such  as  the  U.S.  Strategic  Bombing  Survey 
Reports  for  Hiroshima  and  Nagasaki  (References  1 and  2)  to  establish  the 
damage  levels  of  the  various  buildings  for  each  of  two  damage  criteria, 
and  also  to  establish,  as  far  as  possible,  the  major  construction  charac- 
teristics (i.e.,  wall  thickness,  roof  type,  etc.)  of  each  building  to  be 
included  in  Llie  data  base.  The  second  phase  was  a Statistical  Analysis 
phase  whose  purpose  was  to  establish  for  each  of  the  various  structure 
categories  and  damage  criteria  to  be  considered  a "best"  estimate  of  the 
value  of  0^,  the  distance-damage  sigma,  plus  an  evaluation  of  Llie  poten- 
tial uncertainties  in  these  "best"  estimate  values. 

The  remainder  of  the  report  is  organized  in  the  following  manner: 
Section  II  contains  the  Summary  Observations  of  the  Study;  Section  III 
summarizes  ground  rules  and  the  results  of  the  Data  Base  Compilation 
phase  of  the  effort;  Section  IV  gives  the  Methodology  and  Assumptions 
used  in  the  Statistical  Analysis  phase  of  the  effort;  and  Section  V sum- 
marizes the  results  of  the  Statistical  Analysis  of  the  Japanese  data  and 
compares  these  results  with  the  available  structural  damage  data  taken 
at  the  Nevada  Test  Site. 

Two  appendices  are  also  included  in  this  report.  The  first 
of  these  appendices  lists  every  building  included  in  the  derived  Japanese 
data  base  along  with  its  structural  classification  and  damage  level.  The 
second  of  the  appendices  shows  the  basic  data  and  the  results  of  the 
Statistical  Analyses  for  every  building  category  and  subcategory  and 
damage  criteria  considered  in  the  study. 
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II.  SUMMARY  OBSERVATIONS 


The  principal  sources  of  Information  on  blast  damage  to  structures 
at  Hiroshima  and  Nagasaki  are  the  Reports  of  the  United  States  Strategic 
Bombing  Survey  (References  1 and  2)  and  the  Reports  of  The  Bureau  of  Docks 
and  Yards  Mission  to  Japan  (References  3 and  4) . These  sources  reported 
on  the  blast  damage  to  various  buildings  in  terms  of  the  fraction  of  the 
building  damaged  according  to  two  general  damage  criteria,  Structural  and 
Superficial.  Structural  Damage  was  defined  to  Involve  damage  to  the 
principal  load-bearing  members  of  a building,  while  Superficial  Damage  was 
defined  to  Involve  damage  to  the  exterior  non-load-bearing  members  of  a 
building  (excluding  glass  damage). 

The  available  information  allows  for  the  quantification  of  the  blast 
damage  in  terms  of  the  fraction  of  the  building  damaged  according  to  each 
of  four  separate  damage  criteria.  These  are: 

1) .  Structural  Damage  to  Walls 

2) .  Structural  Damage  to  Roofs 

3) .  Structural  Damage  to  Building  (defined  to  be  the  maximum  of  the 

wall  and  roof  damage) 

4) .  At  Least  Superficial  Damage. 

The  damage  to  a total  of  713  buildings,  with  major  structure  classifications 
of  Single-Story  and  Multistory  Masonry  Load-Bearing-Wall,  Single-Story  and 
Multistory  Wood  Frame,  Single-Story  Light  Steel  Frame,  and  Single-Story 
and  Multistory  Heavy  Steel  Frame  Buildings  can  be  classified  in  this  manner 
from  the  available  information.  The  number  of  buildings  in  any  one  struc- 
ture classification  is,  however,  quite  variable,  ranging  from  40  Single- 
Story  Heavy  Steel  Frame  Buildings  to  346  Single-Story  Wood  Frame  Buildings. 

In  addition  to  describing  the  buildings  in  terms  of  the  generic  struc- 
ture classifications  mentioned  above,  the  survey  teams  gave  the  construc- 
tion details  of  a large  fraction  of  the  buildings  whose  damage  is  described 
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in  the  referenced  document.  This  has  enabled  the  subclassification  of 
certain  of  the  buildings  within  a given  structure  type  according  to  wall 
thickness  or  type  and  roof  type.  The  number  of  buildings  within  any 
particular  subclassification  is,  of  course,  reduced  from  the  number  con- 
tained in  the  major  structure  classification. 

The  Hiroshima  Strategic  Bombing  Survey  Team  also  qualitatively  com- 
pared the  Japanese  buildings  at  Hiroshima  with  U.S.  buildings  of  the 
same  structure  classification.  The  Masonry  Load-Bearing-Wall  Buildings 
were  generally  somewhat  stronger,  the  Wood  Frame  Buildings  were  somewhat 
weaker,  and  the  Steel  Frame  Buildings  were  generally  about  the  same  strength 
as  similar  U.S.  buildings  of  the  same  era. 

Because  of  the  relative  sparsity  of  data  points  in  the  regions  of 
interest,  the  principal  analytical  tool  used  in  the  Statistical  Analyses 
of  the  structural  damage  data  is  the  Maximum  Likelihood  Estimate  technique. 
The  basis  of  this  technique  is  to  take  an  assumed  form  of  the  probability 
of  damage  versus  distance  to  the  ground  zero  (or  calculated  peak  pressure) 
relationship  and  to  determine  the  particular  probability  of  damage  re- 
lationship that  has  the  highest  likelihood  of  having  produced  the  observed 
damage  at  Hiroshima  and/or  Nagasaki.  The  particular  values  of  R^q  and 
(or  and  a^)  that  result  from  this  process  are  denoted  as  the  Maximum 
Likelihood  Estimates  (MLE's)  of  these  parameters. 

The  Maximum  Likelihood  Estimate  technique  also  permits  the  establish- 
ment, from  the  observed  damage  data,  of  quasi-elliptical  regions,  roughly 
centered  around  the  MLE  values,  where  there  is  a given  confidence  level 
that  the  true  values  of  R^q  and  (or  P^q  and  0^)  are  contained  within 
the  defined  boundaries.  The  existence  of  these  regions  permits  estimates 
of  the  potential  uncertainties  in  the  derived  probability  of  damage  relat- 
ionships to  be  established. 

Three  different  forms  of  the  probability  of  damage  relationship  are 
considered  in  the  analysis:  the  Cumulative  Log  Normal,  the  Cumulative  Log 
Uniform,  and  the  Cumulative  Log  Triangular.  The  Cumulative  Log  Normal  is 
the  form  of  damage  law  that  is  currently  assumed  in  target  damage  method- 
ology. The  other  two  forms  of  damage  law  were  "made  up"  to  Illustrate 
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the  sensitivity  of  the  results  to  the  assumed  damage  law.  The  Cumulative 
Log  Uniform  and  Cumulative  Log  Triangular  Damage  Laws  differ  from  the  Log 
Normal  relationship  primarily  In  that  they  are  "tailless"  in  the  sense 
that  the  probability  of  damage  is  absolute  unity  or  absolute  zero  at  fin- 
ite distances  from  the  ground  zero,  rather  than  the  asymptotic  approach  to 
these  values  as  the  distance  from  the  ground  zero  goes  to  zero  or  infinity 
that  is  the  characteristic  of  the  Cumulative  Log  Normal  Damage  Law. 

Overall,  the  analyses  of  the  Japanese  structure  damage  data  contained 
herein  lead  to  the  following  general  observations: 

1.  Only  "best"  estimates  of  the  values  of  and  (or  P^q  and  a^) 
can  be  made  from  the  available  data  base.  The  true  values  of  these 
parameters  can  only  be  defined  to  the  extent  that  they  lie  somewhere 
within  certain  confidence  regions. 

2.  The  size  and  shape  of  these  confidence  regions  are  typically  such 
that,  at  the  0.5  confidence  level,  the  distance  from  the  ground  zero 
at  which  the  probability  of  damage  is  some  fixed  value  is  uncertain 
by  about  ±10  percent  of  the  distance  to  the  ground  zero  found  using 
the  "best"  estimate  values  of  R^q  and  o^.  At  the  0.9  confidence 
level , the  uncertainty  is  about  ±20  percent  of  the  distance  found  us- 
ing the  best  estimate  values  o ^ ^50  and  Oj. 

3.  The  "best"  estimate  values  of  depend  primarily  on  the  structure 
classification  being  considered.  These  "best"  estimate  values  some- 
times differ  by  a quite  sizeable  factor  from  the  generic  values  norm- 
ally associated  with  certain  structure  types. 

4.  The  "best"  estimate  values  of  are  relatively  insensitive  to 

the  damage  criteria  and  mathematical  form  of  the  probability  of  damage 
relationship  being  considered. 

5.  Very  little  insight  into  a preferred  mathematical  form  for  the 
probability  of  damage  relationship  can  be  gained  from  statistical 
analyses  of  the  Japanese  structural  damage  data.  The  Cumulative 
Log  Normal  Damage  Law  fits  the  data  just  as  well  (or  just  as  poorly) 
as  the  other  mathematical  forms  of  the  damage  laws  considered  in 
these  analyses. 
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The  rationale  for  the  first  general  observation  is  primarily  based 
on  the  nature  of  the  Japanese  structural  damage  data.  The  number 
of  data  points  and  location  of  these  data  points  relative  to  the  distance 
to  the  ground  zero  are  non-ideal  from  a statistical  analysis  standpoint. 

This  forces  the  use  of  statistical  techniques  that  provide  only  estimates 
of  the  key  parameters  of  assumed  probability  of  damage  relationships. 

This  in  itself  would  not  be  as  serious  a problem  if  there  were  multiple 
repetitions  of  the  same  experiment  available.  The  Hiroshima  data  and  the 
Nag.asaki  data,  however,  can  not  even  be  thought  of  as  two  repetitions  of 
the  same  experiment,  since  the  locations  of  the  buildings  relative  to  the 
ground  zero,  the  weapon  yields,  and  the  height-of-bursts  are  different. 

The  uncertainty  between  the  "best"  estimate  values  o ^ ^50  and  and 
the  true  values  of  these  parameters  depends  on  the  nature  of  the  available 
data  set.  With  reasonably  good  data  sets  the  maximum  uncertainties  in  the 
values  of  and  are  about  a factor  of  1.05  and  1.20,  respectively,  at 
the  0.5  confidence  level.  At  the  0.9  confidence  level,  the  corresponding 
factors  are  about  1.1  and  1.5,  respectively.  This  means,  for  example,  for 
a case  where  the  "best"  estimate  values  of  R^q  and  are  7.30  Kft  and  0.23, 
respectively,  at  the  0.5  confidence  level,  the  true  value  of  can  only 
be  defined  as  being  somewhere  between  about  7.0  and  7.7  Kft,  and  the  true 
value  of  can  only  be  defined  as  being  somewhere  between  0.19  and  0.28. 

At  the  0.9  confidence  level,  the  true  value  of  R^r.  can  only  be  defined  as 
being  somewhere  between  6.6  and  8.0  Kft,  and  the  true  value  of  can  only 
be  defined  as  being  somewhere  between  0.16  and  0.37. 

The  rationale  for  the  second  general  observation  is  the  natural  re- 
sult of  the  existence  of  the  uncertainties  in  the  true  values  of  and 

Oj.  Every  possible  pair  of  values  of  R,g  and  o^  creates  a unique  proba- 
bility of  damage  versus  distance  relationship.  The  envelope  that  bounds 
all  of  the  possible  probability  of  damage  versus  distance  relationships 
for  a given  confidence  level  then  determines  the  uncertainty  regions  for 
the  true  probability  of  damage  versus  distance  relationship  at  this  confi- 
dence level. 

The  size  of  these  uncertainty  regions  in  the  probability  of  damage 
relationship  depends  primarily  on  the  nature  of  the  data  set  being  used. 
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The  quoted  values  of  ±10  and  ±20  percent  at  the  0.5  .ind  0.9  confidence 
levels  are  representative  of  the  values  derived  from  a reasonably  good 
data  set  (l.e.,  Structural  Damage  to  Single-Story  Masonry  Load-Bearing- 
Wall  Buildings).  The  uncertainty  regions  In  the  probability  of  damage  re- 
lationship for  Structural  Damage  to  Multistory  Load-Bearing-Wall  Buildings  and 
Single-Story  and  Multistory  Wood  Frame  Buildings  are  of  a generally  similar  size, 
while  the  uncertainty  regions  in  the  probability  of  damage  relationships 
for  Structural  Damage  to  Light  and  Heavy  Steel  Frame  Buildings  are  somewhat 
larger  than  these  ±10  and  ±20  percent  values. 

The  rationale  for  the  third  general  observation  is  the  observed  vari- 
ation in  the  "best"  estimate  values  of  the  distance-damage  sigma  with 
structure  classification  and  subclasalficatlon.  For  the  Single-Story  and 
Multistory  Masonry  Load- Bearing- Wall  and  Wood  Frame  Buildings,  the  value 
of  for  the  Structural  Damage  criteria  was  found  to  range  from  about  0.10 
to  0.35  (with  the  Multistory  buildings  having  the  lower  values  of  o^)  com- 
pared to  the  generic  value  of  0.20  normally  assigned  to  these  structure 
classifications. 

Efforts  to  reduce  the  value  of  the  distance-damage  sigma  through  sub- 
classification of  structure  types  met  with  modest  success  at  most.  Removal 
of  obviously  "odd  ball"  buildings  from  a given  structure  classification  re- 
duced the  value  of  by  some  10  to  20  percent  in  the  cases  of  the  Single- 
Story  Wood  Frame  and  Light  Steel  Frame  Buildings.  The  Multistory  Wood  Frame 
Buildings  represent  a form  of  subclassification  in  themselves.  A large 
portion  of  these  buildings  were  schools  of  generally  similar  dimensions 
and  construction,  and  the  damage  data  for  these  buildings  dominate  the 
results  for  this  structure  classification.  These  data  thus  give  an  indi- 
cation that  the  value  of  for  a very  carefully  defined  structure  class 
may  be  somewhat  lower  than  the  values  found  for  the  general  structure 
classifications  assigned  to  the  Japanese  buildings. 

The  rationale  for  the  fourth  general  observation  is  partially  based 
on  the  observation  variations  in  the  value  of  for  a given  structure 
class  under  various  assumptions  as  to  damage  criteria  and  damage  law,  and 
is  partially  based  on  certain  properties  of  the  damage  laws  considered  in 
these  analyses.  The  differences,  if  any,  in  the  value  of  derived  for 
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the  Structural  Damage  to  Building  and  the  At  Least  Superficial  Damage  cri- 
teria are  of  particular  Interest  in  the  case  of  the  Cumulative  Log  Normal 
Damage  Law.  This  damage  law  has  the  property  that  two  probability  of 
damage  versus  distance  relationships  with  different  values  of  will 
cross  somewhere  in  the  distance  regime.  Thus,  if  the  value  of  the  distance- 
damage  sigma  were  different  for  the  two  damage  criteria,  there  would  be 
u distance  regime  in  which  the  probability  of  At  Least  Superficial  Damage 
was  less  than  the  probability  of  Structural  Damage  to  the  Building. 

This,  of  course,  is  an  absurdity.  The  probability  of  At  Least  Superficial 
Damage  must  always  be  equal  to  or  greater  than  the  probability  of  Struc- 
tural Damage  to  the  Building.  Thus,  if  the  Cumulative  Log  Normal  is  the 
true  damage  law,  the  values  of  the  distance- damage  sigma  must  be  identical 
for  these  two  damage  criteria.  The  "best"  estimate  values  of  o^  for  cer- 
tain structure  classes  are  near  enough  to  being  identical  to  lend  cred- 
ence to  this  Cumulative  Log  Normal  Damage  Law  hypothesis. 

The  Cumulative  Log  Uniform  and  Cumulative  Log  Triangular  Damage  Laws 
do  not  require  that  the  value  of  the  distance-damage  sigma  be  identical 
for  the  Structural  to  Building  and  Superficial  Damage  criteria.  There 
are,  however,  certain  limits  on  the  relative  values  of  to  avoid  the 
same  absurdity  as  mentioned  in  the  discussion  in  the  previous  paragraph. 

The  "best"  estimate  values  of  derived  using  these  damage  laws  are,  how- 
ever, so  similar  to  the  values  derived  using  the  Cumulative  Log  Normal 
Damage  Law  that  is  is  difficult  to  argue  that  the  value  of  varies  be- 
tween these  two  damage  criteria. 

The  differences,  if  any,  in  the  value  of  o^  and  P^q  for  the  Structural 
Damage  to  Walls,  Structural  Damage  to  Roofs,  and  Structural  Damage  to 
Building  damage  criteria  are  also  of  interest.  The  Structural  Damage  to 
Building  is  like  a combined  effects  criteria  in  that  it  represents  the 
maximum  of  the  damage  to  the  walls  or  roof  of  the  building.  If  the  Cumula- 
tive Log  Normal  Damage  Law  were  the  true  damage  law  for  the  Structural 
Damage  to  Walls  and  Structural  Damage  to  Roofs  damage  criteria,  then  the 
damage  law  for  the  Structural  Damage  to  Building  criteria  would  only  be 
approximately  Log  Normal  with  a value  of  that  is  somewhat  smaller  than 


15 


the  larger  of  the  o^'s  and  a value  of  that  is  somewhat  smaller  than 
the  lesser  of  the  values  of  P^q  for  the  Structural  Damage  to  Walls  and 
Roofs  damage  criteria.  The  "best"  estimate  values  of  are  generally 
consistent  with  this  sort  of  behavior  but  the  values  of  P^q  are  not. 

The  rationale  for  the  fifth  general  observation  stems  partially  from 
the  basic  nature  of  the  damage  laws  considered  in  these  analyses  and  par- 
tially from  the  nature  of  the  available  Japanese  (and  NTS)  structural 
damage  data.  The  three  damage  laws  considered  in  the  analyses  are  such 
that  if  the  value  of  and  R^q  (or  P^q)  were  identical  for  all  three 
damage  laws,  the  maximum  difference  in  the  probability  of  damage  at  any 
fixed  distance  from  the  ground  zero  is  about  0.06.  Even  in  the  cases 
where  different  values  of  R^q  and  are  found  on  fitting  the  various  dam- 
age laws  to  the  damage  data,  the  maximum  differences  in  the  "best"  esti- 
mate probability  of  damage  values  at  some  fixed  distance  from  the  ground 
zero  are  in  the  neighborhood  of  0.10.  Goodness-of-f it  tests  with  the  num- 
ber and  quality  of  data  points,  available  from  these  structural  damage  data 
are  simply  not  precise  enough  to  discern  these  sorts  of  differences. 

The  principal  impact  of  these  results  is  the  degree  of  uncertainty 
that  must  be  accepted  with  any  probability  of  damage  versus  distance  to 
the  ground  zero  relationship.  This  degree  of  uncertainty  is  such  that  the 
probability  of  damage  values  derived  using  the  "best"  estimate. values  of 
R^q  and  Oj  are  almost  certainly  incorrect,  since  the  "best"  estimate 
probability  of^damage  versus  distance  relationship  does  not  give  the  ex- 
pected values  of  the  probability  of  damage  at  fixed  distances  from  the 
ground  zero  but  rather  defines  the  probability  of  damage  value  such  that 
there  is  a 0.5  confidence  level  that  the  true  value  of  the  probability  of 
damage  is  no  greater. 

This  distinction  is  probably  of  minimal  importance  when  dealing  with 
Intended  damage  and  laydown  criteria  that  imply  "do  as  well  as  you  can." 

When  dealing  with  laydown  criteria  that  involve  greater  precision,  however, 
the  degree  of  uncertainty  in  the  definition  of  the  probability  of  damage 
at  fixed  distances  from  the  ground  zero  must  certainly  be  taken  into  account. 
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One  way  In  which  this  could  be  done  is  to  use  conservative  values  for  the 
probability  of  damage  versus  distance  relationship.  Intended  damage  could 
be  based  on  the  relationship  that  has  the  property  that  there  is,  say,  0.9 
confidence  that  the  probability  of  damage  at  any  distance  from  the  ground 
zero  is  at  least  the  calculated  value,  while  collateral  damage  could  be 
based  on  the  relationship  such  that  there  is,  say,  a 0.9  confidence  that 
the  probability  of  damage  at  a given  distance  from  the  ground  zero  is  no 
more  than  the  calculated  value. 

As  an  example,  consider  the  case  of  100  percent  Structural  Damage  to 
Walls  (i.e.,  wall  collapse  or  Insipient  collapse)  of  Masonry  Load-Bearing- 
Wall  Buildings  with  walls  7 to  lA  inches  thick.  Taking  first  a case  that 
is  perhaps  representative  of  intended  damage,  at  the  point  where  the  "best" 
estimate  value  of  the  probability  of  damage  is  0.9,  Monte  Carlo  model 
results  based  on  1000  samples  show  that  there  Is  approximately  a 0.9  confi- 
dence level  that  Che  probability  of  damage  '.s  at  least  0.755  and  a 0.95 
confidence  level  that  the  probability  of  damage  is  at  least  0.725.  Treat- 
ing next  a case  that  is  perhaps  representative  of  collateral  damage,  at 
the  point  where  the  "best"  estimate  probability  of  damage  Is  0.05,  the 
Monte  Carlo  results  indicate  that  there  is  approximately  a 0.9  confidence 
level  that  the  probability  of  damage  is  no  more  than  0.195  and  approxi- 
mately a 0.95  confidence  level  that  the  probability  of  damage  is  no  more 
than  0. 2A5. 

While  these  probability  of  damage  values  may  appear  to  be  excessively 
small  or  large,  they  represent  the  "best"  estimates  that  can  be  made  at 
this  time  if  high  confidence  intended  and  collateral  damage  calculations 
are  to  be  made.  The  only  feasible  method  for  significantly  reducing  these 
uncertainties  in  the  probability  of  damage  values  appears  to  be  to  add 
additional  test  site  structural  damage  data  to  the  appropriate  Japanese 
structural  damage  data.  For  example,  adding  the  structural  damage  levels 
for  the  three  Masonry  Load-Bearing-Wall  Buildings  that  were  exposed  to 
blast  in  the  "Dice  Throw" . experiment  increases  the  0.9  confidence  proba- 
bility of  damage  value  for  the  intended  case  from  0.755  to  0.78  and 


reduces  the  0.9  confidence  probability  of  damage  value  of  the  collateral 
damage  case  from  0.195  to  0.165.  While  these  changes  are  relatively 
modest,  It  should  be  kept  In  oind  that  they  represent  Increasing  the 
number  of  data  points  for  the  particular  structure  classification  from 
42  to  45  through  the  addition  of  three  high-quality  data  points. 
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III.  DATA  BASE  COMPILATION 

i 

i The  primary  sources  of  Information  for  the  data  base  compilation 

efforts  were  the  U.S.  Strategic  Bombing  Survey  (USSBS)  Reports  for 
Hiroshima  and  Nagasaki  (References  1 and  2 . The  reports  of  the  U.S. 

Navy  Bureau  of  Docks  and  Yards  Mis.sion  to  Japan  on  Hiroshima  and 
Nagasaki  (References  3 and  4),  the  report  of  the  Manhattan  Engineering 
District  on  Hiroshima  and  Nagasaki  (Reference  5) , and  the  unpublished 
notes  and  vrorking  papers  of  the  Strategic  Bombing  Survey  teams  that  are 
contained  in  the  National  Archives  (Reference  6)  were  also  valuable 

I sources  of  information  for  buildings  that  were,  for  unknown  reasons,  not 

i included  in  the  formal  Strategic  Bombing  Survey  Reports. 

I 

I 

The  actual  on-the-ground  structural  damage  surveys  of  the  Strategic 
Bombing  Survey  group  were  conducted  by  two  different  survey  teams,  one 
at  Hiroshima  during  the  period  from  14  October  1945  through  26  November 

; 1945,  and  the  other  at  Nagasaki  during  the  period  from  14  October  1945 

until  18  November  1945.  Thus,  the  survey  teams  were  on  site  for  some 

V 

I six  weeks  at  Hiroshima  and  five  weeks  at  Nagasaki,  and  the  on-the-ground 

surveys  did  not  start  until  about  11  weeks  after  the  actual  detonations 

! of  the  atomic  weapons  at  the  two  cities. 

I Both  survey  teams  reported  the  damage  to  the  various  buildings  ac- 

cording to  two  damage  criteria:  Structural  Damage  and  Superficial  Damage. 

1 Structural  Damage  was  defined  to  be: 

i 

i "Damage  to  Principal  Load-Carrying  Members  (Trusses,  Beams,  Columns, 

Load-Bearing  Walls,  Floor  Slabs  in  Multistory  Buildings)  Requiring 
Replacement  or  External  Support  During  Repair." 

i 

j Superficial  Damage  was  defined  to  be: 

"Damage  to  Purlins  and  Other  Light  Members,  Stripping  of  Roofing 
and  Non-Load-Bearing  Exterior  Walls.  Damage  to  Glass  and  Interior 
Partitions  Not  Included." 

i 

I 

i 
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The  two  survey  teams  used  the  same  general  structural  classifications 
(i.e..  Wood  Frame,  Masonry  Load-Bearing-Wall,  etc.)  but  used  different 
formats  for  reporting  the  data.  The  Hiroshima  team  generally  used  a 
Summary  Data  Sheet  (see  Table  1) , a Construction  Sketch  that  indicated 
the  portions  of  the  building  that  were  damaged,  and  one  or  more  photo- 
graphs showing  the  extent  of  damage  to  the  building.  The  Nagasaki  team 
generally  used  a dlffereuL  l.orm  of  Summary  Data  Sheet  (see  Table  2),  one 
or  more  photographs  showing  the  building  damage,  but  did  not  generally 
include  a Construction  Sketch  for  each  building  reported.  The  two  teams 
also  reported  quantitative  damage  levels  in  ''ifferent  terms.  The  Hiroshima 
team  reported  in  terms  of  the  percent  of  the  total  floor  area  that  re- 
ceived a given  damage  level.  The  figure  used  was  the  maximum  of  the  frac- 
tional damage  to  either  the  wall  or  the  roof  of  the  building.  The  Nagasaki 
team  reported  separately  in  terms  of  the  fraction  of  the  walls,  roof,  etc., 
that  received  the  specified  damage  level. 

The  Hiroshima  SBS  Survey  Team  also  made  a qualitative  comparison  of 
every  building  that  they  surveyed  with  usual  U.S.  buildings  of  the  same 
structure  class.  They  found,  in  general,  that  the  Masonry  Load-Bearing- 
Wall  Buildings  were  somewhat  stronger,  Wood  Frame  Buildings  were  somewhat 
weaker,  and  Steel  Frame  Buildings  were  about  the  same  as  corresponding 
U.S.  buildings  of  this  era. 

The  reports  of  the  U.S.  Navy  Bureau  of  Yards  and  Docks  Mi.ssion  to 
Japan  were  written  by  Navy  personnel  that  were  assigned  to  the  on-site 
inspection  'earn  at  Nagasaki.  This  group  spent  the  period  from  26  October 
through  8 November  1945  at  Nagasaki  and  the  period  from  8 November  to 
24  November  1945  at  Hiroshima. 

Their  report  on  Nagasaki  contains  no  information  on  buildings  that 
were  not  Included  in  the  USSBS  reports.  Their  report  on  Hiroshima,  how- 
ever, contains  information  on  a fairly  large  number  of  buildings  that 
were  not,  for  unknown  reasons,  included  in  the  USSBS  reports.  The 
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TABLE  1 


TYPICAL  DAMAGE  SUMMARY  SHEET 
Hiroshima  Physical  Damage  Survey  Team 


U.S.  STRATEGIC  BOMBING  SURVEY 
Physical  Damage  Division 
Field  Team  No.  1,  Hiroshima,  Japan 
BUILDING  ANALYSIS 

Building  No.:  72.  Coordinates:  311.  Distance  from  (GZ);  6,200, 

(AZ):  6,500. 

NAME:  Toyo  Light  Alloy  Co. 

CONSTRUCTION  AND  DESIGN 

Type:  Brick-bearing  wall,  wood  trusses  supported  on  internal  columns 
Number  of  stories:  1.  JTG  class:  A1  1. 

Roof:  Corrugated  iron  on  wood  trusses. 

Partitions:  None. 

Walls:  13-inch  brick,  load-bearing  with  pilasters. 

Floors:  Concrete  on  earth. 

Framing:  Timber  truss  and  lally  columns  interior. 

Window  and  door  frames:  Wood.  Ceilings: 

Condition,  workmanship,  and  materials:  Fair  workmanship;  wood 
shows  appreciable  dry  rot. 

Compare  with  usual  United  States  buildings:  About  same. 

OCCUPANCY:  Foundry,  aluminum. 

CONTENTS:  Gas  fired  furnaces,  molds,  flasks,  work  benches. 

DAMAGE  to  building:  Walls  normal  to  direction  of  blast  collapsed  to 
foundation  level.  Roof  trusses  displaced  away  from  blast  and 
dropped  to  floor  buckling  columns,  roofing  strir'ped.  Small 
amount  of  fire  damage.  Cause:  Blast. 

DAMAGE  to  contents:  Moderate  damage  to  contents,  with  furnaces  lightly 
damaged.  Cause:  Debris  (20  percent).  Fire  (10  percent). 

TOTAL  FLOOR  AREA  (square  feet):  13,000.  Structural  damage:  13,000. 
Superficial  damage: 

FRACTION  OF  DAMAGE:  Building  structural-:- ■' 130  percent.  Superficial: 
Contents:  30  percent. 

REMARKS:  Contents'  damage  based  upon  observation  only.  Most  tools  and 
small  equipment  had  been  removed  following  bombing. 

Note:  Building  damage  based  on  total  floor  area.  Contents  damage  is 
fraction  of  contents  seriously  damaged. 
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TABLE  2 


TYPICAL  DAMAGE  SUMMARY  SHEET 
Nagasaki  Physical  Damage  Survey  Team 


construction  details  and  damage  levels  in  these  reports  are  presented  in 
a qualitative  fashion  only  but  do  allow  calibration  to  the  USSBS  reported 
values,  since  the  Navy  team  attempted  to  report  on  the  damage  to  every 
building  at  Hiroshima  that  was  reported  on  by  the  Strategic  Bombing  Sur- 
vey team. 

For  example,  the  Docks  and  Yards  report  identified  Building  72  at 
Hiroshima  (described  in  Table  1)  to  be  the  Needle  Manufacturing  Plant 
located  6200  feet  north  of  the  ground  zero.  The  building  description  is 
given  as  "saw  tooth,  timber  roof  trusses  with  corrugated  metal  roofing, 
brick  walla,  cast-iron  interior  columns,  134  feet  by  86  feet"  and  the 
damage  is  described  as  "the  trusses  and  all  walls  except  the  west  wall 
collapsed.  The  columns  are  ruptured.  There  was  a fire  after  the  col- 
lapse." 

This  description  is  generally  in  good  agreement  with  the  Strategic 
Bombing  Survey  results  shown  in  Table  1.  The  building  size  quoted  by  the 
Navy  group  is  about  10  percent  smaller  than  the  size  given  by  the  Strategic 
Bombing  Survey  report. 

Other  reported  damage  values  in  the  Docks  and  Yards  report  are,  how- 
ever, obviously  in  error.  The  Navy  team,  on  occasion,  could  not  find  the 
building,  or  reported  on  the  damage  to  an  abviously  different  building 
than  the  one  identified  by  the  Bombing  Survey  team. 

The  Manhattan  Engineering  District’s  report  on  Hiroshima  and  Nagasaki 
is  an  extremely  qualitative  document  that  represents  the  views  of  the 
earliest  American  survey  groups  who  performed  on  the  ground  inspections 
at  Hiroshima  and  Nagasaki.  Their  preliminary  surveys  were  conducted  on 
the  8th  and  9th  of  September  at  Hiroshima  and  the  13th  and  14th  of  Septem- 
ber at  Nagasaki.  These  survey  teams  spent  a total  of  four  days  at 
Hiroshima  and  16  days  at  Nagasaki. 
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After  reviewing  these  source  documents,  the  following  ground  rules 
were  established  for  including  or  excluding  the  various  buildings  from 
the  data  fllo  being  constructed: 

a) .  Reinforced  concrete  frame  buildings  generally  would  not  be 
included  In  the  structural  damage  data  file.  A few  buildings  of 
this  type  that  did  not  have  reinforced  concrete  roofs  were  in- 
cluded on  the  basis  of  roof  damage  only.  This  type  of  building 
was  included,  however,  in  the.  glass  damage  data  file  in  the  cases 
where  glass  breakage  information  was  given. 

b)  . No  building  that  had  been  hit  or  damaged  by  conventional  H.E. 
bombs  would  be  included. 

c) .  No  building  whose  level  of  blast  damage  was  maslcLjd  by  fire  dam- 
age would  be  included. 

d) .  No  building  that  was  being  dismantled  by  the.  Japanese  at  the 
time  of  the  survey  would  be  Included. 

e) .  Steel  frame  buildings  that  were  in  the  Regular  Reflection  Region 
would  not  be  included. 

It  was  also  derided  to  carry  the  damage-distance  data  according  to 
the  general  format  of  the  Nagasak.i  Strategic  Bombing  Survey  Report  in 
terms  of: 

a)  . Distance  to  Ground  Eero  (to  nearest  100  feet) 

b)  . Structural  Damage  to  Walls 

c)  . Structural  Damage  to  Roofs 

d) .  At  Least  Superficial  Damage  to  Building 

e)  . Glass  Damage. 


25 


The  reformatting  of  the  Strategic  Bombing  Survey's  Hiroshima  data  was 
done  on  the  basis  of  the  building  sketches,  photographs,  and  verbal  dam- 
age  descriptions  contained  in  the  data  sheets.  See,  for  example,  Table  1. 

The  number  of  buildings  in  the  data  base  derived  by  these  efforts 
is  shown  in  Table  3.  Also  shown  are  the  number  of  buildings  in  the 
data  base  which  will  be  referred  to  as  TM-4.  While  the  new  data  base 
generally  has  a larger  number  of  buildings  of  each  class  than  does  the 
TM-4  data  base,  there  are  two  cases  where  the  number  of  buildings  has 
actually  decreased.  The  Multistory  Masonry  Load-Bearing-Wall  Build- 
ings at  Nagasaki  were  decreased  by  one  on  the  basis  of  fire  damage 
masking  any  blast  damage  to  this  building.  The  Single- Story  Heavy 
Steel  Frame  Buildings  at  Nagasaki  were  decreased  by  five  on  the  basis 
of  one  building  being  misclassif ied  by  TM-4  and  four  buildings  being 
hit  by  H.  E.  bombs. 

In  addition  to  categorizing  the  various  buildings  according  to  the 
major  classifications  shown  in  Table  3,  it  was  attempted  to  subclassify 
each  building  according  to  wall  and  roof  characteristics.  These  sub- 
classifications were  derived  on  an  ad  hoc  basis  in  an  attempt  to  account 
for  discernible  differences  within  each  structure  classification. 

While  certain  of  the  structure  subclassifications  were  rather 
obvious,  others  were  arrived  at  by  examining  structures  that  appeared 
to  be  significantly  "harder"  or  "softer"  than  other  apparently  similar 
structures  at  similar  distances  from  the  ground  zero.  Checks  were  made 
on  whether  the  building  was  shielded  from  the  effects  of  the  blast  wave 
by  other  buildings,  or  whether  there  were  geometric  correlations  with 
the  locations  of  the  other  significantly  "harder"  (or  "softer")  build- 
ings, the  orientation  of  the  building  to  the  blast  wave,  and  then  on 
whether  there  was  a discernible  difference  in  the  construction  of  the 
building  under  consideration. 

As  a by-product  of  these  subclassification  efforts,  it  was  observed 
that  there  are  only  two  cases  where  shielding  from  the  effacts  of  blast 
wave  apparently  occurred,  and  that  there  as  no  discernible  geometric 
correlation  at  Hiroshima  between  buildings  that  were  either  much  "harder" 
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TABLE  3 

NUMBER  OF  BUILDINGS  IN  DATA  BASES 


Major  Classification 
Type 


New  Data  Base 


TM-4  Data  Base 


Stories  iHlroshima  Nagasaki!  Hiroshima  Nagasaki 


Masonry-Load-Bearing- 

Wall 

Single 

49 

52 

14 

24 

Multi 

33 

10 

19 

11 

Wood  Frame 

Single 

81 

265 

15 

23 

Multi 

22 

41 

12 

12 

Light  Steel  Frame 

Single 

43 

47 

19 

32 

27 


or  much  "softer"  than  other  buildings  with  similar  structural  charac- 
teristics. There  was  also  no  apparent  orientation  to  the  blast  wave 
effects  for  the  Masonry  Load-Bearing-Wall  and  Wood  Frame  Buildings.  The 
number  of  buildings  that  received  unexplalnably  large  or  small  structural 
damage  levels  was  also  reduced  to  two,  both  at  Nagasaki.  One  is  a Light 
Steel  Frame  Building  with  the  Identifier  52-12C6;  the  other  is  a Single- 
Story  Wood  Frame  Building  with  the  identifier  92-1. 

The  wall  and  roof  subclassif icatlons  for  the  four  major  structure 
classifications  derived  from  this  effort  are  shown  in  Table  4.  The 
efforts  of  identifying  the  aubclasslflcations  for  each  building  met 
with  varying  degrees  of  success.  For  example,  the  wall  thickness  of 
the  Masonry  Load-Bearing-Wall  Buildings  could  be  established  for  about 
60  percent  of  the  buildings  in  the  data  base.  The  attempt  to  further 
subclassify  the  Steel  Frame  Buildings  according  to  column  size  met  with 
failure,  since  column  size  could  be  established  for  only  about  one- 
fourth  of  these  buildings  and  no  ready  correlation  between  I-beam  and 
lattice  work  columns  could  be  established. 

The  complete  listing  of  the  buildings  contained  in  the  final  data 
base  is  given  in  Appendix  A.  In  addition,  a listing  of  the  major  build- 
ings that  were  excluded  from  the  data  base  and  the  reasons  for  their  ex- 
clusion are  also  given  in  this  appendix. 
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TABLE  4 

STRUCTURE  SUBCLASSIFICATIONS 


MAJOR 

CLASSIFICATION 

WALLS 

ROOF 

Masonry  Load- 
Bearing-Wall 

7 to  9 Inch 

12  to  14  Inch 

17  to  19  Inch 

23  to  27  Inch 

Reinforced  Concrete 

Steel  Roof  Trusses 

Cover  Material  Falls  Slowly* 
Cover  Material  Fails  Quickly* 

Wood  Roof  Trusses 

Cover  Material  Fails  Slowly 
Cover  Material  Fails  Quickly 

Wood  Frame 

Normal  Walls 

Wall  Cover  Material  Falls 
Quickly  (or  So  Wall  Cover) 

Heavy  Crane  Columns 

Steel  Roof  Trusses 

Cover  Material  Fails  Slowly 
Cover  Material  Fails  Quickly 

Wood  Roof  Trusses 

Cover  Material  Fails  Slowly 
Cover  Material  Fails  Quickly 

Steel  Frame 
(Light  and  Heavy) 

Wall  Cover  Material  Fails 
Slowly 

Wall  Cover  Material  Falls 
Quickly 

Very  Light  Columns 

Concrete  Panel  Walls 

Reinforced  Concrete  Walls 

Concrete  Filled  Columns 

Reinforced  Concrete 

Steel  Roof  Trusses 

Cover  Material  Falls  Slowly 
Cover  Material  Fails  Quickly 

Wood  Roof  Trusses 

Cover  Material  Falls  Slowly 
Cover  Material  Falls  Quickly 

( 

t- 

I The  categorization  of  wall  and/or  roof  cover  materials  falling  slowly  or 

" quickly  was  devised  to  account  for  the  different  behavior  of  materials 

!.  such  as  corrugated  iron  and  corrugated  asbestos.  Corrugated  asbestos  is 

defined  to  fall  quickly.  All  other  cover  materials  are  defined  to  fail 
' slowly . 
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IV.  METHODOLOGY  AND  ASSUMPTIONS 


The  basic  problem  addressed  in  the  Statistical  Analysis  phase  is  to 
take  the  observed  damage  to  the  buildings  at  Hiroshima  and  Nagasaki  and 
to  estimate  the  probability  of  damage  versus  distance  to  the  ground  zero 
(or  probability  of  damage  versus  peak  pressure)  relationship  that  pro- 
duced the  ob.served  damage. 

Ideally,  this  would  be  done  by  establishing  relatively  small  dis- 
tance intervals  (or  pressure  intervals)  and  establishing  the  fraction  of 
the  buildings  within  each  Interval  that  wore  damaged  to  at  least  the 
given  damage  criteria.  If  there  were  a sufficiently  large  number  of 
buildings  within  each  interval,  the  fraction  of  buildings  within  each 
interval  that  was  damaged  and  the  average  probability  of  damage  over  the 
interval  would  then  be  nearly  Identical.  The  mathematical  form  of  the 
probability  of  damage  relationships  could  then  be  found  by  simple  trial 
and  error  curve  fits  of  the  data  to  various  assumed  probability  of  damage 
versus  distance  to  the  ground  zero  (or  peak  pressure)  relationships. 

Implicit  in  this  idealized  methodology  are  numbers  of  buildings  in 
the  range  of  hundreds  to  thousands,  rather  than  the  tens  to  hundreds  of 
buildings  contained  in  the  entire  Japanese  structural  damage  data  base. 
There  is  also  the  implication  of  much  greater  order  in  the  locations  of 
the  various  buildings  than  is  exhibited  in  the  results  of  the  Hiroshima 
and  Nagasaki  damage  surveys. 

The  typical  form  of  the  basic  damage  versus  distance  to  the  ground 
zero  data  contained  in  the  data  base  is  illustrated  in  Figures  1 and 
2.  For  the  particular  structure  class  and  damage  criteria  shown,  the 
Hiroshima  data  (Figure  1)  show  the  fraction  damaged  to  at  least  the 
given  criteria  for  the  individual  buildings  to  be  1.0  out  to  a distance 
of  about  4000  feet  from  the  ground  zero.  Between  about  5500  and  8500 
feet  from  the  ground  zero,  the  fraction  of  the  individual  buildings  dam- 
aged to  the  given  criteria  ranges  anywhere  between  1.0  and  0.0.  Beyond 
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about  8500  feet  from  the  ground  2ero,  the  fraction  of  the  Individual 
buildings  damaged  to  the  given  criteria  la  zero  for  this  data  set. 

The  Nagasaki  data  (Figure  2 ) show  somewhat  similar  behavior.  With 
the  exception  of  the  one  building  at  about  5000  feet  from  the  ground 
zero,  the  fraction  damaged  to  the  given  criteria  for  the  Individual 
buildings  is  1.0  out  to  about  9000  feet  from  the  ground  zero.  Beyond 
about  10,000  feet  from  the  ground  zero,  the  fraction  of  the  individual 
buildings  damaged  to  the  given  criteria  Is  zero  for  this  data  set. 

Overall,  these  two  data  sets  show  some  undesirable  properties  that 
occur  quite  frequently  with  the  Japanese  damage-distance  data.  The 
Hiroshima  data  set  has  no  data  points  in  the  region  from  about  10,000  to 

21.000  feet  from  the  ground  zero.  The  Nagasaki  data  set  has  a sparcity 
of  data  points  in  the  region  from  about  7000  to  10,000  feet  from  the 
ground  zero,  and  has  a complete  lack  of  data  points  in  the  region  from 

13.000  to  19,000  feet  from  the  ground  zero.  This  trend  for  data  to  be 
sparce  or  missing  over  major  distance  regions  makes  the  Japanese  damage 
data,  at  first  sight,  somewhat  less  valuable  than  the  sheer  number  of 
data  points  might  imply. 

A.  MAXIMUM  LIKELIHOOD  ESTIMATE  TECHNIQUE 

The  Maximum  Likelihood  Estimate  technique  was  used  as  the  tool  for 
making  point  estimates  of  the  key  parameters  of  the  probability  of  damage 
versus  distance  to  the  ground  zero  relationship  from  the  basic  damage 
versus  distance  data.  The  basis  for  this  technique  is  to  define  a Like- 
lihood Value  for  each  building  in  the  data  set  under  consideration  and 
to  determine  the  key  parameters  of  the  assumed  probability  of  damage  re- 
lationship that  maximizes  the  product  of  these  Likelihood  Values  (which 
is  called  the  Likelihood  Function)  when  taken  over  all  the  buildings  in 
the  data  set. 

The  particular  form  of  the  Likelihood  Value  used  in  the  analysis  is: 
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where 


“ assumed  value  of  the  probability  of  damage  for 
the  i*^^  building  in  the  data  aet 

d^  - the  observed  fraction  of  the  building  damaged 
to  at  least  the  specified  criteria, 


and  the  Likelihood  Function  is 
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n 

i=i 


i-d. 
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where  n is  the  number  of  buildings  in  the  particular  data  set.  The 
values  of  the  key  parameters  of  the  assumed  probability  of  damage  versus 
distance  to  the  ground  zero  relationship  that  maximize  the  Likelihood 
Function  are  then  called  the  Maximum  Likelihood  Estimate  (M.L.E.)  of 
these  key  parameters. 

The  non-zsro  and  non-unity  fraction  of  the  building  damaged  values 
in  the  damage  data  were  handled  in  one  of  two  ways  through  the  definition 
of  the  probability  of  damage  being  considered.  The  first  method,  which 
will  be  called  the  Specified  Damage  Fraction  (S.D.F.)  technique,  is  to 
define  the  probability  of  damage  to  be  the  probability  of  damaging  at 
least  a fraction  X of  a building's  floor  space  (or  walls  or  roof)  to  at 
least  the  given  damage  criteria.  The  fraction  X will  be  denoted  as  the 
Specified  Damage  Fraction.  With  this  technique,  the  fractional  damage 
values  in  Equations  (1)  and  (2)  can  have  only  the  values  1 or  0,  since 
the  building  is  either  damaged  to  the  given  fractional  level  or  is  not 
damaged  to  this  level. 

As  an  example,  using  the  Specified  Damage  Fraction  concept  would 
result  In  the  following  treatment  of  the  five  buildings  in  the  Hiroshima 
data  set  ( Figure  1 ) with  non-zero/non-unity  fraction  of  the  building 
damaged  levels.  With  a Specified  Damage  Fraction  of  0.5,  the  three 
buildings  with  damage  levels  lass  than  0.5  would  be  denoted  as  undamaged 
(i.e.,  d^  = 0 in  Equation  (2)),  while  the  two  buildings  with  damage 
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fractions  greater  than  0.5  would  be  denoted  as  damaged  (i.e.,  = 1.0). 

On  the  other  hand,  with  a Specified  Damage  Fraction  of  0.9,  all  five 
buildings  would  be  treated  as  undamaged. 

The  second  method  of  handling  the  non-zero/non-unity  fractional  dam- 
age levels,  which  will  be  called  the  Unspecified  Damage  Fractloi:  (U.D.F.) 
technique,  is  to  define  the  probability  of  damage  to  be  the  probability 
of  expecting  to  damage  the  entire  building  (or  alternatively,  the  proba- 
bility of  damaging  an  unspecified  fraction  of  the  building) . With  this 
technique,  a non-unlty/non-zero  fractional  damage  value  is  treated  as 
though  there  were  multiple  buildings,  some  of  which  were  damaged  and  some 
of  which  were  undamaged,  but  a weight  of  only  one  building  is  included  in 
the  Likelihood  Function  (Equation  (2)).  As  an  example,  the  data  point  at 
7300  feet  from  the  ground  zero  in  Figure  1 with  a fractional  damage  level 
of  0.2  is  treated  as  though  there  were  five  buildings,  one  of  which  was 
damaged  according  to  the  criteria  and  four  of  which  were  undamaged  accord 
ing  to  the  criteria. 

Point  estimates  of  key  parameters  of  the  probability  of  damage  ver- 
sus calculated  peak  pressure  relationships  are  also  made  using  the  Maxi- 
mum Likelihood  Estimate  (M.L.E.)  technique.  The  basic  damage  versus 
distance  to  the  ground  zero  data  are  converted  to  damage  versus  calcu- 
lated peak  pressure  data  assuming  a yle.ld  and  height-of-burst  of  22  Kt 
and  IfiAO  feet  for  the  Nagasaki  weapon,  and  a yield  and  helght-of-bur st 
of  12  (or  17  or  22)  Kt  and  1850  feet  for  the  Hiroshima  weapon.  (The 
range  of  yields  assumed  for  the  Hiroshima  weapon  was  chosen  to  reflect 
the  range  in  the  estimates  that  v?as  available  when  this  study  was  initi- 
ated . ) 

Figure  3 illustrates  the  results  of  converting  the  damage  versus 
distance  to  the  ground  zero  data  of  Figures  1 and  2 into  damage  versus 
calculated  peak  overpressure,  and  then  combining  the  Hiroshima  and 
Nagasaki  data.  (For  this  figure,  the  Hiroshima  yield  is  assumed  to  be 
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12  Kt.)  The  data  set,  of  course,  retains  the  same  general  form  as  ob-* 
served  with  the  basic  damage/distance  presentation.  For  this  case,  how- 
ever, the  combining  of  the  Hiroshima  and  Nagasaki  data  through  the 
mechanism  of  calculated  peak  overpressure  results  in  a "better  looking" 
data  set',  since  the  data  from  one  city  tend  to  fill  in  the  gaps  that 
exist  in  the  data  from  the  other  city. 

B.  PROBABILITY  OF  DAMAGE  RELATIONSHIPS 

Three  different  mathematical  forms  of  the  probability  of  damage 
versus  distance  to  the  ground  zero  (or  calculated  peak  pressure)  relat- 
ionship are  assumed  for  the  analysis.  These  are  denoted  as: 

1)  . The  Cumulative  Log  Normal  Distribution 

2) .  The  Cumulative  Log  Uniform  Distribution 

3) .  The  Cumulative  Log  Triangular  Distribution. 

The  Cumulative  Log  Normal  Diatributlon  function  is  the  commonly 
assumed  form  of  the  probability  of  damage  versus  distance  (or  peak  pres- 
sure) relationship.  The  frequency  function  for  this  distribution  function 
has  the  familiar  "bell-shaped"  form  illustrated  in  Figure  4,  and  the  com- 
plete distribution  function  can  be  characterized  by  its  mean  (R^q)  standard 
deviation  (Pj^)- 

The  Cumulative  Log  Uniform  and  Cumulative  Log  Triangular  Distribu- 
tions were  made  up  for  use  in  the  analysis  to  illustrate  the  sensitivity 
of  the  results  to  the  assumed  form  of  the  probability  of  damage  versus 
distance  to  the  ground  zero  (or  peak  pressure)  relationship.  The  forms 
of  the  frequency  functions  for  these  distributions  are  also  shown  in 
Figure  4. 

The  Cumulative  Log  Uniform  Distribution  function  has  a frequency 
function  that  is  centered  around  Its  mean  value  (Rjp)  and  "cut  off"  at 
the  limiting  distance  of  significance  of  these 

cut-offs  is  lack  of  tails  for  the  distribution  function.  Thus,  the 
probability  of  damage  calculated  using  this  distribution  will  have  the 
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absolute  values  of  zero  and  unity  at  finite  distances  from  the  ground 
zero  rather  than  the  asymptotic  approach  to  these  values  that  is  the 
property  of  the  Cumulative  Log  Normal  Distribution  function. 


The  Cumulative  Log  Triangular  Distribution  has  a frequency  function 
that  is  somewhat  similar  to  the  Cumulative  Log  Uniform  Distribution  in 
thnt  the  frequency  function  is  centered  at  and  has  "cut-offs"  at 
Rjq/^^r  ai'd  R^q.  The  Log  Triangular  frequency  function,  however,  has 
its  greatest  population  density  near  rather  than  the  uniform  popu- 
lation distribution  between  the  cut-off  limits  exhibited  by  the  Log  Uni- 
form Distribution's  frequency  function. 

The  damage  laws  derived  from  the  frequency  functions  shown  in 
Figure  4 have  the  following  forms  when  expressed  as  probability  of 
damage  (P^)  versus  distance  to  the  ground  zero  (R) : 

a),  cumulative  Log  Normal 


In 


(¥) 


p (R)  , 


b) . Cumulative  Log  Uniform 


P^(R)  = i.O 

a 


2 In  a. 


P^(R)  = 0 
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c).  Cumulative  Log  Triangular 
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where  R^q  is  the  distance  at  which  the  probability  of  damage  is  0.5, 

Bn  is  the  standard  deviation  of  the  Log  Normal  function,  and  a_  and  c„ 
are  "cut-off"  limits  on  the  frequency  functions  for  the  Log  Uniform  and 
Log  Triangular  relationships. 

The  two  parameter  characterizations  of  these  three  functions  can  be 
converted  to  the  Weapon  Radius  (VJR)  and  distance-damage  sigma  (a^) 
through  the  relationships: 

a) . Cumulative  Log  Normal  Damage  Law 


VjR  = R5Q  exp  (Bj^  ) 


= 1 - exp  ( - Pj^^) 
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b) . Cumulative  Log  Uniform  Damage  Law 


c).  Cumulative  Log  Triangular  Damap  l.aw 


The  variations  in  the  value  of  with  the  standard  deviation  (6j^)  and 
"cut-off"  limits  and  Cp)  are  illustrated  in  Figure  5. 

The  same  three  mathematical  forms  are  used  for  the  probability  of 
damage  versus  peak  pressure  relationships  assumed  in  this  analysis.  The 
specific,  forms  of  these  relationships  when  peak  overpressure  is  the  in- 
dependent variable  are; 


FIGURE  5 


a) . Cumulative  Log  Normal 


b) . Cumulative  Log  Uniform 


P^(P)  = 0 


pj(p> 
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2 In  ap 


Pj(P)  “ 1.0 


c) . Cumulative  Log  Triangular 


Pj(P)  = 0 
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P^(P)  - l.O 

The  relationships  when  peak  dynamic  pressure  Is  used  as  the  Independent 
variable  are  Identical  with  the  substitutions  Q for  P,  for  P^q* 

Q rather  than  P as  the  subscripts  for  6,  a,  and  c. 

The  key  parameters  of  the  probability  of  damage  versus  distance  to 
the  ground  zero  and  probability  of  damage  versus  peak  pressure  relation- 
ships are  related  to  one  another  in  the  following  manner.  For  peak  over- 
pressures leas  than  about  10  psl  and  peak  dynamic  pressures  below  roughly 
2 psl,  the  peak  pressure  decreases  with  increasing  distance  from  the 
ground  zero  in  a manner  than  can  be  approximated  by 


where  P is  the  peak  pressure,  R is  the  distance  to  the  ground  zero,  and 
k and  N are  constants  that  depend  on  the  yield,  height-of-burst , and 
whether  overpressure  or  dynamic  pressure  is  being  considered. 

Using  this  approximation  results  in  the  following  relationships  be- 
tween the  parameters  of  the  three  damage  laws  considered  in  the  study: 


> c.. 
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For  the  assumed  yield  and  helght-of-burst  conditions  of  the 
Hiroshima  and  Nagasaki  weapons,  the  values  of  N are: 

Hiroshima  Weapon  - Overpressure  N ® 1.60 

- Dynamic  Pressure  N = 2.79 

Nagasaki  Weapon  - Overpressure  N = 1.57 

- Dynamic  Pressure  N = 2.82 

compared  to  the  values  of  N = 1.67  and  N = 3.42  that  are  derived  for 
surface  bursts  of  weapons. 
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C.  CONFIDENCE  REGIONS 

In  addition  to  making  point  estimates  of  the  key  parameters  of  the 
probability  of  damage  versus  distance  to  the  ground  zero  (or  peak  pres- 
sure)  relationships  using  the  Maximum  Likelihood  Estimate  technique, 
confidence  regions  for  the  true  values  of  these  key  parameters  can  be 
estimated  from  the  basic  damage-distance  or  damage-calculated  peak  pres- 
sure data.  The  technique  requires,  first,  to  define  the  variable 


where  is  the  value  of  the  Likelihood  Function  (Equation  (2))  using 

the  Maximum  Likelihood  Estimate  (M.L.E.)  of  the  key  parameters  of  the 
probability  of  damage  relationship  and  L is  the  value  of  the  Likelihood 
Function  using  some  other  values  for  the  key  parameters.  By  definition, 

X = 1 at  the  maximum  likelihood  point  (i.e.,  L = • As  the  key  para- 

meters are  varied  from  the  MLE  values,  however,  X decreases,  thus  X is 
defined  over  the  range  of  parameter  values  0 < X £ 1.  If  an  exact  proba- 
bility distribution  for  X could  be  obtained,  the  confidence  limits  could 
be  obtained  easily  using  the  cumulative  distribution  of  X.  In  this  case, 
though  an  exact  distribution  cannot  easily  be  obtained,  a very  good  approxi- 
mation does  exist  for  this  problem.  A theorum  of  statistics  states  (see, 
for  example,  Reference  7)  that 

"under  certain  conditions  of  regularity,  the  random  variable 
-2  In  X has  a distribution  that  approaches  that  of  a 'Chi 
Squared'  variable  as  the  number  of  data  points  in  the  sample 
becomes  infinite,  with  its  degrees  of  freedom  equal  to  the 
number  of  parameters  being  determined  by  the  hypothesis  H." 
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since  all  of  the  probability  of  damage  relationships  being  considered  In 
this  analysis  have  two  key  parameters,  the  distribution  function  for  the 
variable  -2  In  X Is  approximated  by  a "Chi  Squared"  distribution  with  two 
degrees  of  freedom,  which  is  given  by: 


f(X  ) = 2 exp  ( - 2 X ) . 

The  hypothesis  (H)  to  be  tested  is  that  the  true  values  of  the  key 
parameters  of  the  probability  of  damage  relationship  are  within  some 
defined  region  that  includes  the  Maximum  Likelihood  Estimates  of  these 
parameters.  This  becomes 

Probability  H is  True  - P (X  > Xq)  = Y = 1 - a . 

Since  the  distribution  function  for  -2  In  X is  approximated  by  the  two 
degree  of  freedom  "Chi  Squared"  function,  the  confidence  region  for  the 
key  parameters  is  defined  by  the  region  where  X > Xq  For  example, 

this  means  that  the  0.9  confidence  region  (i.e.,  X - 0.9)  is  defined  by 
the  region  where  X > <»:  = 0.1. 

The  mechanical  procedure  used  to  find  these  confidence  regions  for 
the  key  parameters  of  the  probability  of  damage  relationships  was  to 
assume  a fixed  value  for  one  of  the  key  parameters  in  the  probability  of 
damage  relationship  and  then  to  use  the  Newton-Ralphson  method  to  deter- 
mine the  feasible  solutions  of  the  equation  X - « =0.  This  procedure 

was  repeated  using  various  assumed  values  of  the  same  one  of  the  key 
parameters  in  the  probability  of  damage  relationship  until  the  entire 
confidence  region  was  mapped. 

The  typical  form  of  the  confidence  regions  for  the  true  values  of 
R^q  and  is  illustrated  in  Figure  6.  The  regions  always  enclose  the 
MLE  values  for  the  key  parameters  and  grow  larger  as  the  confidence  level 
is  increased.  The  interpretation  of  these  regions  should  be  that  given 
the  particular  data  set  that  produced  the  MLE  values  of  the  key  para- 
meters of  the  probability  of  damage  relationship,  there  is  a given 
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confidence  level  that  the  true  values  of  these  parameters  lie  within  the 
enclosed  region. 

Uncertainty  bounds  for  the  probability  of  damage  versus  distance  (or 
peak  pressure)  are  also  constructed  using  this  type  of  diagram.  The  pro- 
cedure used  is  to  take  various  pairs  of  values  of,  for  example,  R^q  and 
and  to  construct  the  probability  of  damage  (P^j)  versus  distance  to 
the  ground  zero  curves  that  result  from  these  values.  A bounding  envel- 
ope that  encompasses  all  possible  values  of  at  fixed  distances  from 
the  ground  zero  la  then  constructed.  This  bounding  envelope  then  defines 
the  uncertainty  in  the  values  of  the  probability  of  damage  for  a fixed 
confidence  region. 


In  general,  at  values  of  near  0.5,  the  bounding  envelopes  will 
be  very  close  to  the  versus  R curves  constructed  using  the 
pairs  denoted  as  A and  D in  Figure  6,  which  represent  the  largest  and 
smallest  values  of  R^q  for  a given  confidence  level.  At  low  probabilities 
of  damage,  the  bounding  curves  will  be  very  near  the  values  of  versus 
R curves  produced  using  the  R^q-Bj^  pairs  denoted  as  B and  E,  i.e.,  large 
RgQ-large  and  small  R^Q-small  Bj^.  At  high  probabilities  of  damage,  the 
bounds  will  be  near  the  versus  R curves  using  the  pairs  denoted  as  F 
and  C,  i.e.,  large  R^Q-small  B^  and  small  Rt^^j-large  3^.  The  envelope  for 
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other  regions  of  the  value  of  the  probability  of  damage  are  derived  by  other 
Rsq-Sr  pairs  that  occur  on  the  confidence  region  boundary. 
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V.  ANALYSIS  RESULTS 


The  Statistical  Analysis  efforts  were  oriented  toward  illuminating 
the  following  issues: 

1) .  What  is  the  "best"  estimate  of  the  value  of  the  distance-damage 

sigma  that  can  be.  made  from  the  available  data  set  for  a given 
structure  class  and  damage  criteria?  How  uncertain  is  this 
estimate? 

2) .  Does  the  "best"  estimate  of  the  value  of  the  distance-damage 

sigma  for  a given  structure  class  depend  on  the  damage  criteria? 

3) .  Does  subdivision  of  structure  classes  change  the  value  of  the 

distance-damage  sigma? 

A).  Do  the  Japanese  data  support  a perferred  form  of  probability  of 
damage  versus  distance  (or  pressure)  relationship? 

The  results  that  provide  insight  into  these  issues  will  be  summarized  in 
the  following  discussions.  Unless  otherwise  specified,  these  results 
will  be  based  on  the  nominal  assumptions  of  12  Kt  yield  for  the  Hiroshima 
weapon  and  the  Cumulative  Log  Normal  Damage  Law. 

A.  "BEST"  ESTIMATE  OF  THE  VALUE  OF  THE  DISTANCE-DAMAGE  SIGMA 

The  procedure  used  in  determining  the  "best"  estimate  of  the  value  of 
the  distance-damage  sigma  (o^)  utilized  the  technique  of  estimating  the 
values  of  the  standard  deviations  of  the  Cumulative  Log  Normal  Damage  Law 
or  @p)  and  then  converting  these  values  to  values  of  utilizing  the 
equations  shown  in  Section  IV  of  this  report.  This  procedure  Involves 
using  the  methods  shown  in  Section  IV  to  calculate  the  following  cases 
for  each  structure  classification  and  damage  criteria  under  consideration: 

1.  MLE  values  of  the  key  parameters  of  the  probability  of  damage 
versus  distance  relationships  for  the  structures  at  Hiroshima. 
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2.  MLE  values  of  the  key  parameters  of  the  probability  of  damage 
versus  distance  relationships  for  the  structures  at  Nagasaki. 

3.  MLE  values  of  the  key  parameters  of  the  probability  of  damage 
versus  calculated  peak  pressure  relationships  using  the  combined 
Hiroshima  and  Nagasaki  data. 

4.  Confidence  regions  for  the  key  parameters  of  the  probability  of 
damage  versus  calculated  peak  pressure  relationships  using  the 
combined  Hiroshima  and  Nagasaki  data. 

5.  Confidence  regions  for  the  key  parameters  of  the  probability  of 
damage  versus  distance  relationships  for  the  buildings  at  Hiroshima 
(calculated  directly  from  the  direct  damage-distance  data  and  infer- 
red from  the  damage-calculated  peak  pressure  data). 

6.  Confidence  regions  for  the  key  parameters  of  the  probability  of 
damage  versus  distance  relationships  for  the  buildings  at  Nagasaki. 

(Again,  both  directly  calculated  and  inferred  values.) 

Figures  7 through  11  illustrate  the  typical  form  of  the  results  of 
these  cajculations  for  one  structure  classification  and  damage  criteria 
using  the  Cumulative  Log  Normal  Damage  Law.  The  particular  case  shown  is 
the  Single-Story  Masonry  Load-Bearing-Wall  Buildings  and  the  Structural 
Damage  Criteria. 

Figure  7 shows  the  effect  of  the  value  of  the  Specified  Damage 
Fraction  (SDF)  on  the  MLE  values  of  and  for  the  Single-Story 
Masonry  Load- Bearing-Wall  Buildings  at  Hiroshima  data  set.  The  exhibi- 
ted decrease  in  the  value  of  with  increasing  value  of  the  SDF  should 
be  expected,  since  larger  values  of  the  SDF  imply  "harder"  buildings. 

The  MLE  value  of  varying  by  about  50  percent  as  the  SDF  goes  for  0 
to  1.0  is,  however,  unexpected,  since  a non-constant  value  of  B|^  leads 
to  the  absurdity  of  having  certain  distances  from  the  ground  zero  where 
the  probability  of  damage  for  an  SDF  value  of,  say,  0.5  is  less  than  the 
probability  of  damage  with  an  SDF  value  of  1.0  . 
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DISTANCE  TO  GROUND  ZERO  (KFT)  SPECIFIED  DAMAGE  FRACTION 


, Also  shovm  on  the  figure  are  the  MLE  values  of  and  6^  using  the 
Unspecified  Damage  Fraction  concept.  Note  that  the  UDF  value  of  6„  Is, 

for  this  data  set,  reasonably  close  to  the  SDF  values  of  for  all  values 

+ ^ 
of  the  SDF  except  0 . This  suggests  that  the  UDF  value  of  g may  be  a 

better  estimate  to  the  true  value  of  g than  any  of  the  SDF  values. 

K 

F’.gur  8 shows  similar  results,  except  dealing  with  the  Nagasaki 
data  set.  For  this  data  set,  no  values  of  the  MLE  can  be  defined  for 
values  of  the  SDF  <_  O.A,  since  the  buildings  out  to  about  9000  feet  from 
the  gro'-nd  zero  are  damaged  according  to  the  criteria  and  the  buildings 
beyond  about  11,000  feet  from  the  ground  zero  are  undamaged,  and  there  are 
no  da^-a  in  the  gap.  For  SDF  values  greater  than  0.4,  the  building  located 
5300  feet  from  the  ground  zero  with  a fractional  damage  level  of  0.4  is 
denoted  as  undamaged  so  that  values  of  the  MLE  can  be  calculated. 

The  SDF  and  UDF  values  of  R^q  for  this  data  set  are  somewhat  higher 
than  the  values  calculated  from  the  Hiroshima  data  set  but  this  should  be 
expected  since  the  Nagasaki  weapon  almost  certainly  had  a higher  yield 
than  did  the  Hiroshima  weapon. 

The  values  of  6 are  somewhat  lower  than  the  corresponding  values 
for  the  Hiroshima  data  set.  This  is  probably  a result  of  the  particular 
data  points  contained  in  the  relatively  poor  Nagasaki  data  set,  which  has 
only  four  data  points  (at  8800  feet  from  the  ground  zero)  that  lie  with- 
in roughly  11500  feet  of  the  MLE  estimates  of 

Figure  9 shows  the  effect  of  the  value  of  the  SDF  on  the  values  of 
P^g  and  Bp  using  the  combined  data  set  that  results  from  converting  the 
distance  data  into  calculated  peak  pressure  data  with  an  assumed  yield  of 
12  Kt  for  the  Hiroshima  weapon.  The  increase  in  P^g  with  increasing  values 
of  the  SDF  is  to  be  expected,  since  an  increase  in  the  value  of  the  SDF 
has  the  effect  of  making  the  buildings  "harder."  The  roughly  40  percent 
variation  in  the  value  of  the  standard  deviation  is  again  not  only  unex- 
pected but  impossible,  since  the  dependence  of  Bp  on  the  value  of  the 
Specified  Damage  Fraction  would  lead  to  the  same  absurdities  discussed 
with  Figure  7.  The  data  again  suggest  thot  the  UDF  value  of  Bp  may  be  the 
best  estimate  of  this  parameter. 
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Figure  10  illustrates  the  confidence  regions  for  the  true  values  of 
PjQ  and  that  are  derived  from  the  data  set.  Four  cases  are  shovm  in 
the  figure  for  SDF  values  of  0^,  0.5,  and  1.0  , and  the  UDF  values. 

At  the  0.5  confidence  level,  the  maximum  uncertainty  In  the  true 
value  of  PjQ  is  roughly  ±10  percent  of  the  Maximum  Likelihood  Estimate 
of  PjQ,  wnlle  the  uncertainty  in  the  value  of  Bp  is  about  a factor  of 
1.2  around  the  MLE  values.  At  the  0.9  confidence  levels,  these  uncer- 
tainties are  roughly  ±20  percent  for  the  value  of  P^q  and  about  a factor 
of  1.6  around  the  MLE  for  Bp. 

It  should  also  be  notrd  that  the  MLE  v.lue  of  Bp,  derived  using  the 
Unspecified  Damage  Fraction  concept,  is  contained  within  the  0.9  confi- 
dence regions  for  all  three  values  of  the  SDF  shown  in  the  figure.  This 

further  suggests  that  the  MLE  value  of  B_  (or  Bo)  using  the  UDF  concept  is 

F R 

the  best  estimate  o£  the  standard  deviation  that  can  be  made  from  the  data. 

Figure  11  shows  the  confidence  regions  for  the  true  values  of  and 
Bp  for  the  buildings  at  Hiroshima  and  the  buildings  at  Nagasaki  using  the 
UDF  concept.  Two  cases  are  shown  for  each  city,  the  co-'fldence  regions 
derived  from  the  direct  use  of  the  damage-distance  data,  and  the  confi- 
dence regions  inferred  from  the  damage-peak  overpre.gsure  results  shown  in 
Figure  10.  Lhe  inferred  confidence  regions  are  obtained  by  converting 
the  combined  damage-calculated  peak  pressure  data  back  into  damage-distance 
data  using  the  appropriate  yield  and  helght-of-burst  conditions  for  the 
city  under  consideration. 

For  the  Hiroshima  buildings,  the  uncertainty  in  the  value  of  R^q  and 
Bp  derived  from  the  damage-distance  data  is  about  u factor  of  1.1  in 
terms  of  the  MLE  value  of  and  a factor  of  1.5  in  terms  of  the  MLE 
value  of  Bp  for  the  0.5  confidence  level.  At  the  0.9  confidence  level, 
the  corresponding  uncertainty  factors  are  1.2  and  2.15,  respectively. 

These  large  uncertainty  regions  for  the  true  value  of  Bp  are  believed  to 
be  primarily  due  to  the  gaps  in  the  Hiroshima  data  shown  in  Figu  e 7 "or 
distances  from  the  ground  zero  between  roughly  10  and  20  Kft. 
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The  confidence  regions  derived  from  the  damage-distance  data  for  the 
Nagasaki  buildings  give  uncertainties  In  the  true  value  of  that  are 
similar  in  magnitude  to  those  for  the  Hiroshima  buildings.  The  uncertain- 
ties in  the  true  value  of  3^^  are,  however,  much  smaller  for  the  Nagasaki 
buildings  than  the  values  exhibited  for  the  Hiroshima  buildings. 

For  both  the  Hiroshima  and  Nagasaki  buildings,  the  confidence  regions 
Inferred  from  the  damage-calculated  peak  overpressure  data  combine  with 
the  regions  derived  from  the  damage-distance  data  to  indicate,  that  the 
true  value  of  3^  for  this  case  Is  most  likely  in  the  region  between  0.2 
and  0.3.  In  particular.  It  would  appear  that  the  value  of  3j^  - 0.236 
inferred  from  the  MLE  value  of  3p  for  the  Unspecified  Damage  Fraction 
concept  is  the  best  estimate  of  the  parameter  than  can  be  made.  This 
value  of  3p  then  produces  a "best"  estimate  of  the  value  of  the  distance- 
damage  sigma  equal  to  0.223.  (It  should  be  noted  that  if  the  Hiroshima 
and  Nagasaki  results  represented  two  repetitions  of  a single  experiment, 
which  they  do  not,  the  best  estimate  of  the  value  of  3^  that  could  be 
made  would  be  the  average  of  the  values  for  the  two  experiments,  = 
0.268.  This  value  is  remarkably  close  to  the  value  derived  from  the  UDF 
value  of  3p.) 

Some  insight  on  the  relative  yields  of  the  Hiroshima  and  Nagasaki 
ylel,..;  can  also  be  gained  from  Figure  11.  As  can  be  seen  in  this  figure, 
the  MLE  values  of  inferred  from  the  combined  damage-calculated  peak 
pressure  data  are  somewhat  higher,  for  Hiroshima,  and  somewhat  lower,  for 
Nagasaki,  than  the  MLE  values  of  R30  calculated  directly  from  the  damage- 
distance  data  for  the  Individual  cities.  The  R^q  values  for  Hiroshima 
coul bLi  brought  more  into  line  by  assuming  a yield  higher  than  12  Kt  for 
the  Hir'-ahi.ma  weapon.  (The  value  of  would  Increase,  which  would  thus 
decrease  This,  however,  would  cause  a greater  difference  between 

the  directly  calculated  and  Inferred-f rom  calculated  peak  pressure  values 
of  Rjq  for  Nagasaki.  Similarly,  the  values  o ^ ^50  for  Nagasaki  could  be 
brought  more  into  line  by  assuming  a yield  lower  than  12  Kt  for  the 
Hiroshima  weapon,  but  the  values  of  R^q  for  Hiroshima  would  then  be  more 
divergent.  Thus,  this  data  set  supports  the  yield  assumption  of  about 
12  Kt  for  the  Hiroshima  weapon. 


The  impact  of  the  uncertainties  in  the  values  of  R^q  and  on  the 
probability  of  damage  versus  distance  relationship  is  Illustrated  in 
Figure  12  for  the  case  of  the  assumed  Hiroshima  yield  and  helght-of- 
burst  conditions  and  a Specified  Damage  Fraction  of  0.5,  The  nominal 
values  of  probability  of  damage  versus  distance  are  derived  from  the 
Cumulative  Log  Normal  Damage  Law  using  the  best  estimate  values  of 
and  derived  from  the  damage-calculated  peak  overpressure  data.  The 
bounds  on  the  probability  of  damage  values  represent  the  envelopes  that 
enclose  all  the  potential  values  of  probability  of  damage  at  a given  dis- 
tance that  are  calculated  using  the  R5o“^R  that  occur  on  the  bounds 

of  the  0.5  or  0.9  confidence  regions  for  this  data  set. 

The  0.5  confidence  level  bounds  indicate  uncertainties  in  the  dis- 
tance to  the  ground  zero  for  a fixed  probability  of  damage  of  about  1000 
feet  for  high  probabilities  of  damage  (-0.9)  and  about  2000  feet  at  low 
probabilities  of  damage  (-0.1).  These  uncertainties  represent  roughly 
±10  percent  of  the  distance  to  the  ground  zero  for  a given  probability  of 
damage  using  the  nominal  Pd  versus  distance  to  the  ground  zero  relation- 
ships . 

The  0.9  confidence  level  bounds  Indicate  uncertainties  In  the  dis- 
tance to  the  ground  zero  for  a fixed  probability  of  damage  that  are  about 
twice  the  magnitude  of  those  for  the  0,5  confidence  level.  Thus,  the  un- 
certainty in  the  distance  to  the  grou’.id  zero  is  about  ±20  percent  of  the 
nominal  distance  at  this  confidence  level. 

Another  way  of  considering  the  impact  of  these  uncertainties  is  to 
consider  the  bounding  values  in  the  probability  of  damage  at  a fixed 
distance  from  the  ground  zero.  At  the  distance  where  the  nominal  proba- 
bility of  damage  is  0.1,  the  bounding  values  of  Pd  for  the  0.5  confidence 
level  vary  by  a factor  of  about  1.8  around  the  nominal  value.  At  the 
0.9  confidence  level,  the  bounding  values  vary  by  about  a factor  of  2.6 
around  the  nominal  value  of  0.1. 
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DISTANCE  TO  GROUND  ZERO  (KFT)  DISTANCE  TO  GROUND  ZERO  (KFT) 


Turning  next  to  the  effect  of  the  forms  of  the  probability  of  damage 
versus  distance  relationship,  Figure  13  compares  the  probability  of  damage 
values  that  result  from  the  "beat"  fits  to  the  data  of  each  of  the  three 
damage  laws  considered  in  the  analysis  for  the  case  of  Structural  Damage 
and  the  Single-Story  Masonry  Load-Eearing-Wali  Buildings.  The  results 
are  shown  for  the  Hiroshima  helght-of-burst  conditions  and  an  assumed 
yield  of  12  Kt,  and  are  derived  from  the  "best"  estimates  of  the  key 
parameters  of  the  probability  of  damage  relationships  when  calculated  peak 
overpressure  is  used  as  the  mechanism  to  combine  the  Hiroshima  and  Nagasaki 
data.  j 

i 

As  can  be  seen,  the  resulting  values  of  probability  of  damage  for  the  ' 

I 

Cumulative  Log  Normal  and  the  Cumulative  Log  Triangular  Damage  Laws  are 
quite  similar,  while,  the  values  of  the  probability  of  damage  produced  by 

I 

the  Cumulative  Log  Uniform  Damage  Law  are  almost  always  lower  than  the  j 

values  produced  by  the  other  damage  laws.  The  values  of  the  distance- 

I 

damage  sigma  for  the  three  damage  laws  are,  however,  remarkably  similar, 

ranging  from  about  0.23  to  0.26.  This  suggests  that  the  value  of  the  ] 

I . 

distance-damage  sigma  may  be  essentially  independent  of  the  form  of  the 
damage  law. 

There  are,  however,  more  subtle  differences  between  the  results  than 
can  be  observed  from  the  graph.  The  probability  of  damage  values  produced 
by  the  Cumulative  Log  Triangular  Damage  Law  are  absolute  unity  for  dis- 
tances to  the  ground  zero  of  less  than  3.66  Kft  and  are  absolute  zero  for 
distances  to  the  ground  zero  greater  than  14.05  Kft.  The  probability  of 
damage,  values  produced  by  the  Cumulative  Log  Normal  distribution  only 
asymptotically  approach  these  values  as  the  distance  to  the  ground  zero 
approaches  zero  and  infinity,  respectively. 


i 

I 

j 

s 
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DISTANCE  TO  GROUND  ZERO  (KFT) 


Applying  statistical  tests,  such  as  "Goodness  of  Fit,"  to  the  three 
probability  of  damage  relationships  provides  very  little  insight  as  to 
the  "correct"  form  of  the  probability  of  damage  relationship.  For  the 
case  shown  in  Figure  13  , the  Cumulative  Log  Normal  and  Cumulative  Log 
Triangular  Damage  Laws,  according  to  the  "Goodness  of  Fit"  test,  provide 
slightly  better  fits  to  the  data  than  does  the  Cumulative  Log  Triangular 
Damage  Law.  The  results,  however,  are  not  sufficiently  different  so  as 
to  reject  the  Cumulative  Log  Uniform  Damage  Law. 

B.  EFFECT  OF  STRUCTURE  CLASS  AND  DAMAGE  CRITERIA  ON  THE  "BEST"  ESTIMATE 
OF  THE  VALUE  OF  THE  DISTANCE- DAMAGE  SIGMA 

Previous  analyses  of  the  Japanese  structural  damage  data  have  used 
the  TM-4  data  base,  which  considers  only  the  Structural  Damage  criteria. 
These  analyses  concluded  that  the  value  of  the  distance-damage  sigma 
depended  primarily  on  whether  the  structure  class  under  consideration 
was  denoted  as  primarily  sensitive  to  overpressure  effects  or  dynamic 
pressure  effects.  Single-story  and  Multistory  Masonry  Load-Bearing-Wall 
Buildings  and  Wood  Frame  Buildings  were  denoted  as  primarily  sensitive 
to  overpressure  effects  and  were  assigned  the  value  of  = 0.2.  Single- 
Story  Steel  Frame  Buildings  were  denoted  as  being  primarily  sensitive 

to  dynamic  pressure  effects  and  assigned  the  value  of  a,  = 0.3. 

0 

Table  5 shows  the  effect  of  structure  class  and  damage  criteria  on 
the  "best"  estimate  values  of  mean  peak  pressure  required  for  a 0.5  proba- 
bility of  damage  (P^q  or  Q^q)  and  the  distance-damage  sigma  (o^)  using 
the  data  base  compiled  in  this  study.  The  values  for  the  Structural  Dam- 
age criteria  are  derived  using  either  calculated  peak  overpressure  or 
calculated  peak  dynamic  pressure,  depending  on  the  commonly  denoted 
principal  sensitivity  of  the  structure  class.  The  values  for  the  Super- 
ficial Damage  criteria  are  all  derived  assuming  calculated  peak  overpres- 
sure as  the  primary  damage  correlating  mechanism. 
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TABLE  5 


EFFECT  OF  DAMAGE  CRITERIA  ON  MLE  VALUES  OF  MEAN  PEAK  PRESSURE  AND  a . 

a 

• Cumulative  Log  Normal  Damage  Law 

• Specified  Damage  Fraction  “ 0.5 

• Hiroshima  Yield  Assumed  » 12  Kt 


STRUCTURE 

CLASSIFICATION 


SINGLE-STORY  MASONRY 
LOAD-BEARING-WALL 


MULTISTORY  MASONRY 
LOAD-BEARING- WALL 


SINGLE- STORY 
WOOD  FRAME 


MULTISTORY 
WOOD  FRAME 


SINGLE- STORY  LIGHT 
STEEL  FRAME 


SINGLE-STORY  HEAVY 
STEEL  FRAME 


STRUCTURAL 
DAMAGE  CRITERIA 

PgQ  “ 2.77  = 0.233 

P,,  = 3.26  = 0.104 

50  d 

PgQ  =>  1.80  = 0.345 

PjQ  = 2.41  = 0.093 

= 0.47  0^  = 0.390 

= 0.45  = 0.293 


SUPERFICIAL 
DAMAGE  CRITERIA 

= 2.14  = 0.239 

P50  = 2.45  = 0.113 

= 1.51  o,  = 0.269 

50  d 

P^Q  = 2.02  * 0.105 

= 1.88  = 0.229 

P30=2.49  0^=0.381 


For  three  of  the  structure  classes,  i.e.,  Single-Story  and  Multi- 
story Masonry  Load-Bearing-Wall  Buildings  and  Multistory  Wood  Frame 
Buildings,  the  estimated  values  of  the  distance-damage  sigma  are  essen- 
tially identical  for  both  damage  criteria.  For  the  remaining  three 
cases,  however,  the  estimated  value  of  the  distanca-damage  sigma  differs 
quite  widely  between  the  two  damage  criteria.  (It  should  be  noted  that 
the  differences  between  the  values  of  for  the  Steel  frame  Buildings 
is  not  due  to  using  dynamic  pressure  for  the  Structural  Damage  case  and 
overpressure  for  the  Superficial  Damage  case.  The  value  of  calculated 
for  the  Superficial  Damage  criteria  using  dynamic  pressure  is  within  a 
few  percent  of  being  the  same  as  the  values  shown  in  the  table,  which 
are  calculated  using  calculated  peak  overpressure,) 

This  difference  between  the  value  of  for  the  two  different  damage 
criteria  within  Che  same  structure  class  is  of  great  significance,  since 
the  SuperUcial  Damage  criteria  ■'s  an  "at  least"  type  of  criteria  that 
includes  Structural  Damage  within  its  definition.  The  Cumulative  Log 
Normal  Damage  Law  has  the  property  that  two  probability  of  damage  versus 
distance  (or  pressure)  curves  having  different  values  for  the  distance- 
damage  sigma  will  cross  at  some  value  of  distancv  (or  pressure).  This 
will  then  result  in  having  regions  where  the  calculated  probability  of 
Structural  Damage  is  greater  than  the  calculated  probability  of  Superfi- 
cial Damage. 

This,  of  course,  is  an  absurdity.  The  probability  of  at  least  Super- 
ficial Damage  must  always  be  equal  to  or  greater  than  the  probability  of 
Structural  Damage.  Therefore,  the  existence  of  the  significantly  dif- 
ferent values  of  the  distance-damage  sigma  for  the  two  damage  criteria 
would  make  the  Cumulative  Log  Normal  Damage  Law  suspect  unless  the  data 
set  is  poor  (i.e.,  gaps  in  the  data  or  few  buildings  new 

The  smaller  values  of  the  distance-damage  sigma  for  Multistory  com- 
pared to  Single-Story  Buildings  of  the  same  general  class  may  cast  fur- 
ther doubts  as  to  the  validity  of  the  Cumulative  Log  Normal  Damage  Law. 

The  Multistory  Buildings,  as  a class,  are  harder  chan  the  Single-Story 
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Euildings.  Yet  the  significantly  smaller  valu  s of  for  the  Multistory 
Buildings  would  result  in  regions  where  the  pn’uability  of  damage  for  the 
Single-Story  Buildings  would  be  less  than  the  p'obabiliuy  of  damage  for 
the  Multistory  Buildings.  This  would  require  that,  say,  some  Single-Story 
Wood  Frame  Buildings  be  harder  than  all  of  the  Multistory  Masonry  Load- 
Bearing-Wall  Buildings.  This  is  supported  by  the  data  in  the  case  of  the 
Japanese  structures  but  may  not  be  the  case  for  other  structure  classifi- 
cations . 

Overall,  these  difficulties  with  the  Cumulative  Log  Normal  Damage 
La;/  could  be  resolved  if  the  value  of  the  distance-damage  sigma  were  a 
universal  constant  independent  of  damage  criteria  and  structure  classifi- 
cation. This  does  not  appear  to  be  the  case  based  on  the  point  estimates 

of  o.  derived  for  the  Japanese  Structural  Damage  data, 
d 

The  Ctimulative  Log  Uniform  and  Cumulative  Log  Triangular  Damage  Laws 
avoid  some  of  the  difficulties  encountered  with  the  Cumulative  Log  Normal 
Damage  Law.  The  value  of  the  distance-damage  sigma  need  not  be  identical 
for  Structural  and  Superficial  Damage  criteria,  although  there  are  certain 
restrictions  on  the  relative  values.  Similarly,  within  certain  restric- 
..ons,  the  Multistory  Buildings  can  have  different  values  of  the  distance- 
damage  sigma  than  do  Che  Single-Story  Buildings  without  encountering 
potential  difficulties. 

Table  5 shows  the  values  of  the  median  peak  pressure  required  for  a 
0.50  probability  of  damage  and  the  value  of  thu  damage-distance  sigma 
derived  for  the  Structural  and  Superficial  Damage  criteria  using  the  Cumu- 
lative Log  Uniform  Damage  Law.  In  general,  the  values  of  are  quite 
similar  to  those  derived  using  the  Cumulative  Log  Normal  Damage  Law,  the 
values  for  Superficial  Damage  to  Single-Story  Masonry  l.oad-Bearing-Wall 
and  Single-Story  Light  Steel  Frame  Buildings  being  Tomewhat  higher  for 
the  Cumulative  Log  Uniform  Damage  Law. 

It  is  also  interesting  to  note  that  the  values  of  the  mean  peak  pres- 
sure required  are  somewhat  higher  for  the  Masonry  Load-Bearing-Wall  and 
Wood  Frame  Buildings,  while  all  other  mean  peak  pressures  required  are  some- 
what lower  than  these  derived  using  the  Cumulative  Log  Normal  Damage  Law. 
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TABLE  6 


EFFECT  OF  DAMAGE  CRITERIA  ON  MLS  VALUES  OF  MEAN  PEAK  PRESSURE  AND  a 

c 

• Cumulative  Log  Uniform  Damage  Law 

• Specified  Damage  Fraction  ^ 0.5 

• Hiroshima  Yield  Assumed  = 12  Kt 


STRUCTURE 

CLASSIFICATION 


STRUCTURAL 
DAMAGE  CRITERIA 


SUPERFICIAL 
DAMAGE  CRITERIA 


SINGLE-STORY  MASONRY 
LOAD-BEARING  WALL 


PjQ  - 3.15  = 0.263 


P^Q  - 1.96  0^  = 0.317 


MULTISTORY!  MASONRY 
LOAD-BEARING  WALL 


= 3.64  = 0.097  P^Q  - 2.53  = 0.117 


SINGLE- STORY 
WOOD  FRAME 


Fr-n  = 1-97  'J,  ’ 0,346  P - = 1.42  a . « 0.344 


MULTISTORY 
WOOD  FRAME 


P^Q  = 2.51  0^  “ 0.140  PjQ  = 1.99  Oj  = 0.150 


SINGLE- STORY  LIGHT 
STEEL  FRAME 


<>50  - 


o.  . 0.382 
a 


o^  = 0.384 


SINGLE- STOF.Y  HEAVY 
STEEL  FRAME 


Q50  = 0.37 


o j - 0.346 


0,  = 0.436 
□ 
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Table  7 shows  Che  effect  of  the  damage  criteria  when  Che  Cumulative 
Log  Triangular  Damage  Law  Is  used  to  derive  Che  values  of  the  mean  peak  | 

pressure  required  for  a 0.5  probability  of  damage  and  the  distance- 
damage  sigma.  VThlle  there  are  restrictions  on  the  variation  In  values 
of  the  distance-damage  sigma  with  damage  criteria  for  each  structure  j 

class,  the  values  of  shown  In  the  table  for  each  structure  class  fall 
within  acceptable  limits.  Indeed,  except  for  the  case  of  the  Heavy  Steel 
Frame  Buildings,  the  value  of  is  fairly  independent  of  the  damage 
criteria. 

Comparison  of  the  values  of  the  mean  peak  pressure  (Pjq 
Q^q)  shown  in  this  table  with  the  values  derived  using  the  Cumulative 
Log  Normal  Damage  Law  (Table  5)  shows  the  values  to  be  nearly  identical 
for  every  damage  criteria  and  structure  class.  Comparison  of  the  values 
of  the  distance-damage  sigma  also  show  that  with  two  exceptions  (Super- 
ficial Damage  to  Single-Story  Masonry  Load-Bearing-Wall  Buildings  and 
Light  Steel  Frame  Buildings)  the  estimated  values  of  the  distance-damage 
sigma  are  essentially  independent  of  whether  the  Cumulative  Log  Normal 
or  the  Cumulative  Log  Uniform  Damage  Law  is  used  to  estimate  its  value. 

Overall,  the  resvilts  of  this  investigation  of  the  effect  of  damage 
criteria  indicate  that  the  value  of  the  distance-damage  sigma  for  a given 
structure  class  may  not  be  Independent  of  the  damage  criteria.  If  this 
is  indeed  true,  use  of  the  Cumulative  Log  Normal  Damage  Law  will  result 
in  absurdities  in  that  the  calculated  probability  of  Structural  Damage 
will  be  higher  than  the  calculated  probability  of  Superficial  Damage 
over  some  distance  (or  pressure)  region.  The  Cumulative  Log  Uniform 
and  Cumulative  Log  Triangular  Damage  Laws  can  avoid  this  problem  but 
neither  can  be  accepted  or  rejected  on  the  basis  of  the  available  evi- 
dence. 


C.  SUBCLASSIFICATION  OF  MAJOR  STRUCTURE  CLASSES 

The  buildings  in  the  data  base  belonging  to  any  one  particular  major 
structure  class  have  a great  deal  of  variability  in  terms  of  construc- 
tion characteristics.  Considering  the  101  Single-Story  Masonry  Load- 
Bearing-Wall  Buildings,  14  have  walls  between  7 and  9 inches  thick,  23 

1 

I 
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TABLE  7 

EFFECT  OF  DAMAGE  CRITERIA  ON  MLE  VALUES  OF  MEAN  PEAK  PRESSURE  AND  o 

c 

• Cumulative  Log  Triangular  Damage  Law 

• Specified  Damage  Fraction  = 0.5 

• Hiroshima  Yield  Assumed  - 12  Kt 


STRUCTURE 

CLASSIFICATION 


STRUCTURAL 
DAMAGE  CRITERIA 


SUPEIiFICIAL 
DAMAGE  CRITERIA 


SINGLE- STORY  MASONRY 
LOAD-BEARING-WALL 


P^-  = 2.87  a.  = 0.248  P-„  = 2.08  o,  = 0.288 

50  d 50  d 


MULTISTORY  MASONRY 
LO.VD-BEARING-WALL 


P^Q  “ 3,22  Oj  = 0.102  PjQ  = 2.47  = 0.il2 


SINGLE- STORY 
WOOD  FRAME 


MULTISTORY 
WOOD  FRAME 


SINGLE- STORY  LIGHT 
STEEL  FRAME 


Pjj,  ■=  1.82  Oj  = 0.330  PjQ  “ 1.48  = 0.299 


PjQ  = 2.43  = 0.107  P^Q  = 2.02  = 0.122 


Q30  « 0.46 


0,  = 0.376 
a 


P30  =1.90 


a,  = 0.323 
d 


SINGLE- STORY  HEAVY 
STEEL  FRAME 


= 0.291 


P50  = 2.34 


= 0.403 
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have  walls  between  12  and  14  Inches  chick,  12  have  walls  between  17  and 
19  inches  thick,  5 have  walla  between  23  and  27  inches  thick,  while  the 
remaining  42  buildings  have  walla  of  unknown  thickness.  The  roof  con- 
struction details  show  that  5 of  these  buildings  have  reinforced  concrete 
roofs,  33  have  steel  roof  trusses,  59  have  wood  roof  trusses,  and  the 
roof  construction  of  the  remaining  four  buildings  is  unknown.  Of  the 
92  buildings  with  steel  or  wood  roof  trusses,  22  have  corrugated  asbes- 
tos roof  covers,  while  the  remaining  70  have  roof  cover  materials  such 
as  corregated  iron,  tile  on  wood,  etc. 

In  view  of  this  veritable  "hodge-podge"  of  construction  character- 
istics, the  question  naturally  arises  as  to  wnether  the  values  of  the 
distance-damage  sigma  (o^)  might  not  be  significantly  smaller  for  more 
closely  defined  structure  classifications  and  damage  criteria.  To  in- 
vestigate this  matter,  each  of  the  major  structure  categories  was  sub- 
divided according  to  the  characteristics  that  were  believed  to  have  the 
major  influence  on  the  results  for  the  damage  criteria  being  considered. 
The  details  of  this  investigation  are  contained  in  Appendix  B..  These 
results  will  be  summarized,  by  major  structure  class,  in  the  next  few 
paragraphs . 

Table  8 summarizes  the  results  of  considering  structure  subclassi- 
fications for  the  Masonry  Load-Bearing-Wall  Buildings  in  the  data  base 
in  terms  of  the  values  of  the  peak  overpressure  for  a 0.5  probability  of 
damage  (P^q)  and  the  distance- damage  sigma  (o^)  derived  assuming  the 
Cumulative  Log  Normal  Damage  Law.  For  the  Single-Story  Buildings,  there 
appears  to  be  both  reductions  and  increases  in  the  value  of  with 
structure  subclasuif Ication.  While  the  relative  values  of  P^q  within  the 
subclassifications  all  are  in  sensible  directions,  the  changes  in  the 
estimated  value  of  are,  however,  probably  an  illusion.  The  confidence 
regions  for  the  key  parameters  of  the  probability  of  damage  relationship 
(shown  in  Appendix  B)  are,  in  all  cases,  large  enough  to  support  the 
hypothesis  that  the  value  of  the  distance-damage  sigma  is  Independent  of 
the  structural  subclassifications  and  damage  criteria. 


TABLE  B 


EFFECT  OF  SUBGLASSIFICATION  ON  VALUE  OF 
Masonry  Load-Bearing-Wall  Buildings 

• Specified  Damage  Fraction  » 0.5 

• Hiroshima  Yield  Assumed  ^ 12  Kc 


DAMAGE 

STRUCTURE 

SINGLE-STORY 

MULTISTORY 

CRITERIA 

SUBCLASSIFICATION 

BUILDINGS 

BUILDINGS 

STRUCTURAL 

None 

2.77/0.233 

3.26/0.1.04 

STRUCTURAL 

None 

3.50/0.260 

4.30/0.083 

TO  WALLS 

7"  to  lA"  Thick  Walls 

3.11/0.302 

17"  to  27"  Thick  Walls 

4.35/0.149 

STRUCTURAL 

None 

2.77/0.256 

3.26/0.105 

TO  ROOFS 

Steel  Roof  Trusses 

3.45/0.266 

Wood  Roof  Trusses 

2.45/0.218 

SUPERFICIAL 

None 

2.14/0.239 

2.45/0.113 

Roof  Cover  Material 

Fails  Slowly 

2.18/0.292 

Roof  Cover  Material 

Fails  Quickly 

1.79/0.113 
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A consistently  smaller  value  of  for  the  Multistory  Buildings 
than  for  the  Single-Story  Buildings  la  exhibited  for  all  of  the  cases 
shown  in  Table  8i  Inspection  of  the  basic  damage-distance  data  for  the 
Multistory  Buildings,  however,  Indicates  that  thif  is  probably  created 
by  the  particular  distances  from  the  ground  zero  where  data  points  exist. 
All  of  the  Multistory  Masonry  Load-Bearing-Wall  buildings  at  Nagasaki 
are  at  least  11,000  feet  from  the  ground  zero  and  none  are  damaged  ac- 
cording to  any  damage  criteria.  The  33  buildings  at  Hiroshima  are  in 
the  region  from  1000  to  10,000  feet  from  the  ground  zero,  but  only  four 
buildings  are  in  the  region  from  5000  to  8000  feet  which  contains  the 
estimated  value  of  plus  roughly  one  standard  deviation  on  each  side 
of  the  value  of  for  any  of  the  damage  criteria  considered.  The  lower 
estimated  values  of  for  the  Multistory  Buildings  must  therefore  be  con 
sidered  to  be  suspect. 
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The  Structural  Damage  criteria  is  an  either/or  type  criteria  in  that 

it  involves  the  maximum  of  the  Structural  Damage  to  either  the  walls  or 

the  roof  of  a building.  According  to  the  "combined  effects"  methodology 

of  Reference  8,  if  the  Cumulative  Log  Normal  Damage  Law  applies  for 

Structural  to  Walls  and  Structural  to  Roofs  Damage  criteria,  then  the 

damage  law  for  the  Structural  Damage  criteria  should  be  only  approximately 

Log  Normal  with  a value  of  P^q  less  than  the  smaller  of  the  P^q's  for  the 

Wall  and  Roof  criteria  and  a value  of  the  distance-damage  sigma  that  is 

less  than  the  larger  of  the  a^'s  for  the  Wall  and  Roof  criteria.  Using 

this  methodology  and  the  values  shown  in  Table  8 for  Roof  and  Wall  damage 

to  the  Single-Story  Buildings  gives  calculated  values  of  and  for 

DU  d 

the  Structural  Damage  criteria  that  are  within  about  12  percent  and  3 per- 
cent, respectively,  of  the  values  of  and  shown  in  the  table.  This 
Indicates  that  the  Cumulative  Log  Normal  Damage  Law  is  at  least  approxi- 
mately correct. 

One  other  point  to  notice  is  that  the  values  of  and  o,  for  the  cases 

jU  a 

of  no  structure  subciassiflcatlon  are  intermediate  between  the  values  for 
the  corresponding  subclassifications.  In  particular,  the  values  of  P^q  and 
Oj  for  the  cases  of  no  structure  subclassification  differ  at  most  by  a few 
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pnrcent  from  the  weighted  logarithmic  average  of  the  values  for  the  sub- 
classifications. While  no  particular  meaning  can  be  attached  to  this 
observation,  it  is,  however,  indicative  of  how  the  Maximum  Likelihood 
Estimate  technique  treats  obvious  mixtures  of  structure  subclassifica- 
tions. 

Table  9 summarizes  the  results  of  the  subclasslflcation  efforts  for 
the  Wood  Frame  Buildings.  For  this  structure  classification,  there  are, 
at  most,  moderate  changes  in  the  value  of  the  distance-damage  sigma  for 
either  the  Single-Story  or  the  Multistory  Buildings.  There  is,  however, 
the  marked  difference  between  the  values  of  for  Single-Story  and  Multi- 
story Buildings. 

At  first  sight,  one  might  suspect  that  the  significantly  lower  values 
of  for  the  Multistory  Buildings  are  probably  due  to  poor  data  sets,  as 
was  the  probable  case  with  the  Masonry  Load-Bearing-Wall  Buildings.  Ex- 
amining the  locations  of  the  various  data  points,  however,  reveals  that 
this  is  not  true,  particularly  when  the  Hiroshima  and  Nagasaki  data  are 
combined  through  the  mechanism  of  calculated  peak  overpressure. 

Examination  of  the  individual  data  sheets  for  these  buildings  shows 
that  12  of  the  22  buildings  at  Hiroshima  and  13  of  the  41  buildings  at 
Nagasaki  are  school  buildings  with  quite  similar  dimensions  and  construc- 
tion details.  The  locations  of  these  27  school  buildings  relative  to 
the  ground  zeros  are  also  such  that  the  damage  to  these,  buildings  dominates 
the  estimated  values  of  P^q  and  for  all  of  the  damage  criteria.  Therefore, 
it  appears  that  the  results  for  the  Multistory  Wood  Frame  Buildings  might 
more  properly  be  called  the  results  for  Multistory  Wood  Frame  Japanese 
School  Buildings.  The  estimated  value  of  the  distance-damage  sigma  for 
this  class  of  buildings  is  about  one-third  the  value  estimated  for  the 
general  class  of  Single-Story  Wood  Frame  Buildings. 
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TABLE  9 


EFFECT  OF  SUBCLASSIFICATION  ON  VALUE  OF  a . 

a 

Wood  Frame  Buildings 

• Specified  Damage  Fraction  =0.5 

• Hiroshima  Yield  Assumed  = 12  Kt 

DAMAGE  STRUCTURE  SINGLE-STORY  MULTISTORY 

CRITERIA  SUBCLASSIFICATION  BUILDINGS  BUILDINGS 


STRUCTURAL 

None 

1.80/0.345 

2.41/0.093 

Normal  Walls- 
Wood  Roof  Trusses- 
Roof  Cover  Material 
Fails  Slowly 

1.75/0.308 

2.35/0.118 

STRUCTURAL 

None 

1.81/0.367 

2.41/0.089 

TO  ROOFS 

Wood  Roof  Trusses 

1.70/0.381 



SUPERFICIAL 

None 

1.50/0.269 

2.02/0.105 

Roof  Cover  Material 
Fails  Slowly 

1.55/0.253 

2.00/0.127 

Roof  Cover  Material 
Fails  Quickly 

1.30/0.293 

— 
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Although  the  subclassification  efforts  for  the  Single-Story  Wood 

Frame  Buildings  did  not  produce  startling  reductions  in  the  estimated 

values  of  the  distance-damage  sigma,  the  magnitude  of  the  values  of 

and  the  difference  between  the  value  of  a.  for  the  Structural  and  the 

d 

Superficial  Damage  criteria  do  merit  further  elaboration.  This  requires 
consideration  of  the  basic  damage- distance  data  for  this  structure  class. 

Figure  14  shows  the  basic  fraction  of  the  building  damaged  versus 
distance  to  the  ground  zero  data  contained  in  the  data  base  for  the 
Structural  Damage  criteria.  The  differences  between  the  fraction  of 
the  buildings  damaged  at  the  same  distances  from  the  g.’ound  zero  for  the 
two  data  seta  are  quite  striking  and  would  almost  suggest  that  the 
yield  of  the  Hiroshima  weapon  must  have  been  greater  than  the  yield  of 
the  Nagasaki  weapon,  since  fraction  of  the  building  damaged  levels  of 
unity  occur  out  to  roughly  13,000  feet  from  the  ground  zero  for  the 
Hiroshima  data  compared  to  about  9000  feet  from  the  ground  zero  for  the 
Nagasaki  data.  The  hypothesis  of  a greater  yield  for  the  Hiroshima  weapon, 
however,  must  almost  certainly  be  rejected. 

The  Nagasaki  data  point  located  19,000  feet  from  the  ground  zero 
with  a fraction  of  the  building  damaged  of  0.08  is  of  considerable  inter- 
est. This  building  was  denoted  by  the  Strategic  Bombing  Survey  Group 
(Reference  2)  as  being  the  farthest  building  from  the  ground  zero  at 
Nagasaki  at  which  structural  damage  occurred.  The  Manhattan  Engineering 
District  Report  (Reference  5),  however,  states; 

"The  most  impressive  long-range  damage  was  the  collapse  of 
some  barrack  sheds  at  Kamigo,  23,000  feet  south  of  X in 
Nagasaki.  It  was  remarkable  to  see  some  buildings  intact 
to  the  last  detail,  including  the  roof  and  even  the  win- 
dows, yet  next  to  them  a similar  building  collapsed  to  ground 
level." 
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Spveral  questions  arise  from  these  conflicting  statements.  Pri- 
mary among  these  are:  a).  Was  the  damage  at  Kamlgo  caused  by  the  blast 
wave  from  the  atomic  bomb  or  was  it  caused  by  conventional  HE  bombs? 

(There  is  a very  large  difference  between  American  sources  and  Japanese 
sources  on  the  amount  of  conventional  HE  bombs  dropped  on  Nagasaki  dur- 
ing the  war.)  b).  If  the  damage  was  caused  by  the  atomic  bomb,  why  were 
the  results  not  included  in  the  Strategic  Bombing  Survey  results?  (The 
survey  team  at  Nagasaki  did  a very  thorough  on-site  survey  and  report 
on  the  non-damage  of  structures  that  were  within  about  one-half  to 
three-quarters  of  a mile  of  Kamlgo.)  And,  c).  How  many  of  the  build- 
ings at  Kamlgo  were  damaged  and  how  many  were  undamaged? 

The  Strategic  Bombing  Survey  Notes  and  Working  Papers  that  are  con- 
tained in  the  National  Archives  were  searched  in  an  attempt  to  answer 
these  questions.  The  only  conformation  found  that  confirmed  the  quali- 
tatively reported  damage  at  Kamlgo  was  a sketch  map  that  was  prepared  by 
the  Nagasaki  Police  Department  about  a week  after  the  detonation  of  the 
weapon.  Kamlgo  is  included  in  the  area  denoted  as  "damaged  by  blast." 
Checking  buildings  with  known  damage  levels  that  lie  within  this  area,  how- 
ever, Indicates  that  the  limits  of  the  "damaged  by  blast"  area  were 
probably  based  on  damage  to  window  glass. 

The  damage-distance  to  the  ground  zero  data  for  the  Superficial 
Damage  criteria  is  shown  in  Figure  15.  The  extreme  distances  from  the 
ground  zero  at  Hiroshima  where  Superficial  Damage  occurs  (i.e.,  20  to 
22,000  feet)  further  reinforces  the  doubts  about  the  Nagasaki  data  set. 

The  occurrence  of  damage  this  far  from  the  ground  zero  at  Hiroshima 
certainly  suggests  that  at  least  some  Superficial  Damage  should  have 
occurred  at  similar  distances  from  the  ground  zero  at  Nagasaki  if  build- 
ings of  this  type  were  present,  of  which  there  apparently  were  some. 

Overall,  the  Nagasaki  data  set  for  the  Single-Story  Wood  Frame  Build- 
ings must  be  viewed  as  suspect.  It  is,  however,  the  best  that  can  be  ob- 
tained from  the  available  records. 


This  map  is  apparently  the  source  of  information  for  the  designation  of 
the  areas  damaged  denoted  on  the  map  of  Nagasaki  contained  in  the 
Manhattan  Engineering  District  Report,  Reference  5. 
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DISTANCE  TO  GROUND  ZERO  (KFT)  DISTANCE  TO  GROUND  ZERO  (KFT) 


The  Single-Story  Light  Steel  Frame  Buildings  in  the  data  base  have 
some  widely  differing  wall  construction  details  that  merit  enumeration 
before  considering  the  results  of  the  subclassification  efforts  in  this 
structure  class.  Of  the  90  buildings  in  the  data  base,  two  have  such 
light  lattice  work,  steel  columns  that  they  would  more  properly  be  clas- 
sified as  Very  Light  Steel  Frame  Buildings;  six  have  concrete  panel 
walls;  two  have  lattice  steel  columns  that  are  filled  with  concrete, 
which  apparently  make  these  buildings  much  stronger  than  normal;  and 
the  remaining  78  buildings  with  known  wall  types  have  I-Beam  or  what  will 
be  called  "normal"  lattice  steel  column.s  with  primarily  either  corrugated 
iron  (fail  slowly)  and/or  corrugated  asbestos  (fall  quickly)  wall  and 
roof  covering  materials.  The  subclassification  efforts  for  this  structure 
class  primarily  involve  the  treatment  of  the  78  buildings  with  the  I- 
Beam  or  normal  lattice  steel  columns  compared  to  the  treatment  of  the 
90  buildings  as  a whole. 

Table  10  summarizes  the  results  of  the  subciassif ication  efforts  for 
this  structure  class.  As  can  be  seen,  the  subclassification  of  the 
structures  leads  to  some  reduction  in  the  value  of  the  distance-damage 
sigma  for  all  of  the  damage  criteria  involving  Structural  Damage.  For 
the  overall  Structural  Damage  criteria,  the  estimated  value  of  de- 
creases by  some  15  percent,  while  the  estimated  value  of  o^  for  the 
Structural  Damage  to  Walls  decreases  by  some  25  percent.  The  decrease 
in  the  value  of  of  some  5 percent  for  the  Structural  Damage  to  Roofs 
criteria  is,  of  course,  more  modest  but  apparently  real. 

Also  shown,  in  parentheses,  are  the  values  of  Q^q  and  that  are 
derived  after  excluding  the  building  at  Nagasaki  located  some  11, 400  feet 
from  the  ground  zero  identified  as  52-12C6.  This  building  has  very  unus- 
ual Structural  Damage  levels  in  that  the  nearest  building  of  the  same 
classification  chat  has  any  Structural  Damage  is  some  5000  feet  closer  to 
the  ground  zero.  The  Structural  Damage  levels  for  this  building  appear  to 
be  more  in  consonance  with  the  Superficial  Damage  levels  of  the  other 
Light  Steel  Frame  Buildings  at  similar  distances  to  the  ground  zero. 
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TABLE  10 

EFFECT  OF  SUBCLASSIFICATTON  ON  VALUE  OF 

Single-Story  Light  Steel  Frame  Buildings 

• Specified  Damage  Fraction  •»  0.5 

• Hiroshima  Yield  Assumed  = 12  Kt 


DAMAGE  STRUCTURE 

CRITERIA  SUBCLASSIFICATION  Q^q(PSI)/o^ 


STRUCTURAL 

None 

0.47/0.390 

I-Beam  or  Normal 

Lattice  Steel  Columns 

0.49/0.329 

(Less  Bldg.  52-12C6) 

(0.53/0.271) 

STRUCTURAL 

None 

0.54/0.386 

TO  WALLS 

I-Beam  or  Normal 

Lattice  Steel  Columns 

0.54/0.286 

(Less  Bldg.  52-12C6) 

(0.53/0.272) 

I-Beam  or  Normal 

Lattice  Steel  Columns, 

Wall  Cover  Material 

Fails  Slowly 

0.63/0.358 

STRUCTURAL 

None 

0.62/0.345 

TO  ROOFS 

Roof  Cover  Material 

Fails  Slowly 

0.50/0.328 

SUPERFICIAL  None  0.09/0.241 

1.88/0.229  * 


Using  calculated  peak  overpressure  rather  than  calculated  peak  dynamic 
pressure  to  determine  value  of  o^. 
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Exclusion  of  this  building  has  a marked  effect  In  the  value  of  the 
distance-damage  sigma  for  the  case  of  the  Structural  Damage  criteria, 
reducing  the  value  by  some  20  percent.  The  effect  with  the  Structural 
Damage  to  Walls  criteria  Is  less  pronounced,  amounting  to  about  a five 
percent  reduction.  Both  reductions,  however,  bring  the  estimated  values 
of  0^  for  these  damage  criteria  much  more  In  line  with  Che  value  for  the 
Superficial  Damage  criteria. 

The  attempt  to  further  subclassify  the  buildings  with  I-Beam  or 
normal  lattice  steel  columns  according  to  whether  the  wall  cover  material 
failed  slowly  (l.e.,  corrugated  iron  wall  cover  material)  or  quickly 
(l.e.,  corrugated  asbestos)  met  with  failure.  Intuitively,  one  would 
expect  the  buildings  with  wall  cover  materials  that  fall  quickly  to  be 
harder  chan  the  buildings  with  wall  covers  that  fall  slowly,  since  the 
wall  cover  material  that  fails  slowly  shotild  contribute  seme  Impulsive 
loading  to  the  structure  during  the  time  that  it  is  falling.  By  this 
reasoning,  the  value  of  Q^g  for  the  case  of  wall  cover  materials  that 
fail  slowly  should  be  lower  than  the  value  of  Q^g  obtained  when  treating 
both  types  of  wall  covering  materials  together.  The  corresponding 
values  of  Q^g  shown  In  this  table  have  exactly  the  opposite  relationship. 
Thus,  the  estimated  value  of  for  the  c.nse  of  cover  materials  that  fail 
slowly  should  be  viewed  with  extreme  distrust. 

Table  11  summarizes  the  results  of  the  subclassiflcatlon  efforts  for 
the  Heavy  Steel  Frame  Building  structure  classification.  Because  of  the 
limited  number  (40)  of  these  buildings  In  the  data  base,  no  subclassifi- 
cations beyond  damage  criteria  gave  sensible  results  and  are  therefore 
not  shown  In  the  table. 

The  most  striking  feature  of  these  results  is  the  marked  difference 

between  the  values  of  o^  for  the  Structural  Damage  criteria  and  the 

Structural  Damage  to  Walls  or  Structural  Damage  to  Roofs  criteria.  The 

differences  in  o,  shown  in  the  table,  however,  are  probably  not  real, 
d 

since  the  data  set  for  the  Heavy  Steel  Frame  Buildings  is  relatively 
poor  with  a gap  between  about  5500  feet  a.id  11,500  feet  from  the  grounc 
zero  where  there  are  no  data  points.  This  has  the  impact  of  producing 
very  large  uncertainties  in  the  confidenc-  regions  containing  the  true 
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TABLE  11 


EFFECT  OF  SUBCLASSIFICATION  ON  THE  VALUE  OF  0^ 
Single-Story  Heavy  Steel  Frame  Buildings 


• Specified  Damage  Fraction  •■0.5 


• 

Hiroshima  Yield  Assumed  ■■  12  Kt 

DAMAGE 

CRITERIA 

STRUCTURE 

SUBCLASSIFICATION 

Q5„(PS1)/o^ 

STRUCTURAL 

None 

0.45/0.293 

STRUCTURAL 

TO  WALLS 

None 

0.65/0.400  1 

i 

4 

j 

STRUCTURAL 

TO  ROOFS 

None 

i 

0.42/0.409  1 

1 

1 

SUPERFICIAL 

None 

1 

i 

0.15/0.363  1 

2.49/0.381*  ] 

None  (Single  and  Multi- 
story Buildings) 

0.18/0.335 

2.88/0.344*  ; 

i 


j 


Derived  using  calculated  peak  overpressure  rather  than  calcu- 
lated peak  dynamic  pressure  to  determine  value  of 
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values  of  the  mean  and  the  standard  deviation  of  the  Cumulative  Log  Nor- 
mal Damage  Law.  For  example,  at  the  0.5  confidence  level,  the  values 
of  the  damage-distance  sigma  can  only  be  defined  to  within  a factor  of 
about  1.6  above  or  below  the  values  indicated  in  the  table. 


D.  DAMAGE  TO  GLASS 

Figures  16  and  17  show  the  fraction  of  the  glass  in  the  building 
broken  versus  distance  to  the  ground  zero  data  for  Hiroshima  and 
Nagasaki,  respectively.  While  the  number  of  data  points  at  Hiroshima 
are  quite  numerous,  only  eight  out  of  the  224  buildings  have  less  than 
complete  glass  breakage  and  no  building  has  zero  glass  breakage.  The 
situation  with  the  Nagasaki  data  Is  somewhat  better  with  41  out  of  the 
480  buildings  having  less  than  total  glass  breakage,  Including  six 
buildings  with  a breakage  level  of  zero. 

In  general,  the  data  somewhat  resembles  the  Single-Story  Wood  Frame 
Building  data  in  that  glass  breakage  occurred  at  Hiroshima  at  much  greater 
distances  from  the  ground  zero  than  at  Nagasaki.  There  is  a further 
similarity  to  the  Wood  Frame  Buildings  in  that  Reference  5 also  mentions 
glass  breakage  at  a 60,000-foot  distance  from  the  ground  zero  at  Nagasaki. 
Again,  this  damage  could  not  be  verified  with  any  other  available  infor- 
mation source. 

Table  12  shows  the  best  estimate  values  of  the  mean  peak  pressure 
required  for  a 0.5  probability  of  damage  (Pjq)  and  the  distance-damage 
sigma  (o^)  derived  from  combining  the  Hiroshima  and  Nagasaki  data  through 
the  mechanism  of  calculated  peak  overpressure.  Three  values  of  P^q  are 
shown  fur  each  of  the  damage  laws  considered,  representing  the  value  of 
the  Specified  Damage  Fraction  as  0^,  0.5,  and  1 , respectively. 

The  particular  form  of  the  damage  law  does  not  have  any  great  effect 
on  either  the  estimated  values  of  P^q  or  the  estimated  values  of  the 
distance-damage  sigma.  The  largest  percentage  difference  in  the  value 
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DISTANCE  TO  GROUND  ZERO  (1000  FEET) 


TABLE  12 


EFFECT 


DAMAGE 


CUMULATIVE 

NORMAL 


CUMULATIVE 

UNIFORM 


CUMULATIVE 

TRIANGULAR 


OF  ASSUMED  DAMAGE  LAW  ON  VALUES  OF  and  a, 

DU  a 

• Glass  Breakage 

• Hlrosblma  Yield  Assumed  « 12  Kt 


LAW 


LOG 


LOG 


LOG 


^0 

“^d  SDF^O"^  SDF^O.5 


0.270  0.59  0.94  1.26  ; 

j 

0,292  0.56  0.92  1.21  ! 

< 
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I 

j 

0.282  0.63  0.90  1.23  ! 
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of  PjQ  estimated  from  the  different  damage  laws  occurs  with  the  Speci- 
fied Damage  Fraction  (SDF)  equal  to  0^.  This  should  be  expected  since 
only  six  out  of  the  704  data  points  are  denoted  as  undamaged  for  this 
value  of  the  SDF. 

Figure  18  compares  the  three  probability  of  damage  versus  distance 
to  the  ground  zero  relationships  derived  for  glass  breakage  at  Nagasaki. 
The  relationships  are  derived  using  the  values  of  P^q  and  in  Table  12 
appropriate  to  the  Specified  Damage  Fraction  of  0.5. 

The  agreement  between  the  Cumulative  Log  Normal  and  the  Cumulative 
Log  Triangular  curves  is  not  as  good  as  was  exhibited  for  the  case  of 
Structural  Damage  to  Single-Story  Masonry  Load-Bearing-Wall  Buildings 
(Figure  13).  The  results  of  applying  "Goodness  of  Fit"  tests,  however, 
are  similarly  inconclusive  in  that  any  of  the  three  damage  laws  can  be 
accepted  or  rejected  with  about  the  same  degree  of  confidence. 

E.  SENSITIVITY  OF  RESULTS  TO  YIELD  ASSUMED  FOR  THE  HIROSHIMA  WEAPON 

All  of  the  values  of  the  distance-damage  sigma  Chat  have  been  pre- 
sented up  to  this  point  have  been  based  on  assumed  yields  of  12  Kt  for 
the  Hiroshima  weapon  and  22  Kt  for  the  Nagasaki  weapon.  This  choice  of 
12  Kt  for  the  Hiroshima  weapon  was  based  on  providing  the  best  overall 
match  in  the  values  of  P^q  for  given  structural  classes  and  damage  cri- 
teria when  Hiroshima-only  and  Nagasaki-only  data  were  considered. 

Table  13  illustrates  the  effect  of  the  assumed  value  of  the 
Hiroshima  yield  on  the  values  of  the  distance-damage  sigma  for  the 
major  structural  classifications  considered  in  the  study  when  the  value 
of  the  distance-damage  sigma  is  estimated  from  both  the  Hiroshima  and 
Nagasaki  data  combined  through  the  mechanism  of  calculated  peak  pressure 
The  particular  values  shown  are  for  the  Structural  Damage  criteria. 


In  general,  the  assumed  value  of  the  yield  of  the  Hiroshima  weapon 
has  a relatively  small  effect  on  the  estimated  values  of  the  distance- 
damage  sigma  causing  at  most  a 20  to  25  percent  change  in  the  estimated 
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DISTMCE  TO  GROUND  ZERO  (KFT) 


TABLE  13 

EFFECT  OF  ASSUMED  HIROSHIMA  YIELD  ON  ESTIMATED  VALUE  OF  a , 

c 

• Structural  Damage  Criteria 

• Cumulative  Log  Normal  Damage  Law 


STRUCTURE 

CLASSIFICATION 


SINGLE- STORY  MASONRY 
LOAD- BEARING- WALL 


MULTISTORY  MASONRY 
LOAD-BEARING-WALL 


SINGLE- STORY 
WOOD  FRAME 


MULTISTORY 
WOOD  FRAME 


SINGLE- STORY  LIGHT 
STEEL  FRAME 


SINGLE-STORY  HEAVY 
STEEL  FRAME 


DISTANCE-DAMAGE  SIGMA  (o^) 


Assumed  Hiroshima  Yield: 


= 12  Kt 


0.233 


0.104 


0.345 


0.093 


0.390 


0.293 


= 17  Kt 


0.250 


0.104 


0.300 


0.101 


0.392 


0.293 


= 22  Kt 


0.281 


0.105 


0.276 


0.121 


0.398 


0.293 
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value  of  Oj  as  the  assumed  yield  goes  from  12  Kt  to  22  Kt.  While  not 
shown,  the  estimated  values  of  the  mean  peak  pressure  required  for  a 0.5 
probability  of  damage  (Pjq  or  also  Increase  in  a systematic  fashion 

with  increasing  assumed  yield  for  the  Hiroshima  weapon. 

With  the  exception  of  the  Single-Story  Wood  Frame  Buildings,  the 
general  trend  is  for  the  estimated  value  of  to  Increase  with  increas- 
ing assumed  yields  for  the  Hiroshima  weapon.  The  estimated  values  of 
for  the  Single-Story  Wood  Frame  Buildings  show  exactly  the  opposite  trend. 
This  is  due  to  the  peculiarities  in  the  Nagasaki  data  for  this  structure 
class,  which  were  previously  discussed  in  Section  V.C.  of  this  report. 

Overall,  these  results  indicate  that  the  estimated  values  of  the 
distance-damage  sigma  that  are  generated  using  the  assumed  yield  of  12  Kt 
for  the  Hiroshima  weapon  are  fairly  good  estimates  that  would  not  signifi- 
cantly change  if  a more  precise  estimate  of  the  Hiroshima  weapon's  yield 
were  obtained. 

F.  TEST  SITE  STRUCTURAL  DAMAGE  DATA 

Single- Story  and  Multistory  Wood  Frame  Buildings  represent  the  only 
structure  class  where  there  are  sufficient  test  site  data  to  use  statis- 
tical techniques  to  estimate  the  key  parameters  of  the  probability  of 
damage  versus  peak  pressure  relationships.  The  available  data  set  consists 
of  some  17  buildings.  The  Structural  Damage  ascribed  to  these  buildings 
is  carried  according  to  three  criteria;  Severe  Structural  Damage,  Moder- 
ate Structural  Damage,  and  Light  Damage.  All  of  the  buildings  suffered 
at  least  Light  Damage. 

Figure  19  shows  the  fraction  of  the  building  damaged  versus  peak 
overpressure  data  for  the  Severe  and  Moderate  Damage  criteria.  The 
fraction  damage  levels  are  always  unity  or  zero  for  these  buildings, 
since  the  damage  descriptions  were  all  expressed  in  a pass-fall  manner, 
i.e.,  the  building  either  suffered,  for  example,  Severe  Structural  Damage 
or  it  did  not. 
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With  two  exceptions,  the  peak  overpressure  values  shown  are  measured 
peak  overpressure  values  rather  than  calculated  values.  This  means  that 
the  uncertainties  In  weapons  effects  (assumed  equivalent  to  a standard 
deviation  of  0. 10)  must  be  combined  with  the  standard  deviation  of  the 
Cumulative  Log  Normal  probability  of  damage  versus  peak  pressure  relat- 
ionship before  the  estimated  values  of  the  distance-damage  sigma  can  be 
calculated. 

The  Maximum  Likelihood  Estimates  of  the  value  of  the  standard  devi- 
ation (Bp)  of  the  Cumulative  Log  Normal  Damage  Law  vary  quite  widely 
between  the  two  damage  criteria,  being  nearly  twice  as  big  for  the 
Severe.  Damage  as  for  the  Moderate  Damage  criteria.  Since  Moderate  Dam- 
age Is  an  at-least  criteria,  this  cannot  be  true,  and  a single  value  of 
Bp  is  required.  Therefore,  the  average  of  the  two  values  of  Bp  is  used 
in  determining  the  value  of  the  distance-damage  sigma  and  the  mean  peak 
pressures  required  for  a 0.5  probability  of  damage  (P5Q) • 

Table  14  compares  the  values  o f P50  and  Oj  estimated  from  the  Test 
Site  data  with  the  values  derived  from  the  Japanese  data  on  Single-Story 
and  Multistory  Wood  Frame  Buildings  with  Normal  Walls  and  Roof  Cover 
Materials  that  Fail  Slowly.  Two  sets  of  values  are  shown  for  the  Test 
Site  data:  the  first  for  the  data  as  shown  in  Figure  19;  the  second  with 
the  data  points  at  1.5  and  1.7  psi  removed.  (The  rationale  for  removing 
these  points  is  that  they  were  obtained  at  a test  that  Involved  a multi- 
megaton  device  and  appear  to  be  out  of  line  compared  to  the  other  data 
points,  which  were  obtained  in  tests  involving  yields  in  the  range  of 
tens  of  kilotons.) 

At  first  sight,  the  agreement  between  the  estimated  values  of  the 
distance-damage  sigma  for  the  cases  of  the  Test  Site  data  as  a whole  and 
the  Japanese  data  is  quite  good,  with  the  values  differing  by  roughly  seven 
percent.  Similarly,  the  agreement  between  the  values  of  for  the  Severe 

Damage  criteria  with  the  Test  Site  data  and  the  Structural  Damage  criteria 
(Specified  Damage  Fraction  (SDF)  = 1 ) with  the  Japanese  data  is  also 
quite  good,  with  the  values  differing  by  only  a few  percent. 
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TABLE  lA 

COMPARISON  OF  ESTIMATED  VALUES  OF  AND 
Single-Story  and  Multistory  Wood  Frame  Buildings 


DATA 

SOURCE 

NO.  OF 
BUILDINGS 

°d 

DAMAGE 

CRITERIA 

?50  (PSD 

TEST  SITE  DATA 

17 

0.  259 

Severe 

2.  16 

Moderate 

1.  38 

MODIFIED  TEST 

15 

0.119 

Severe 

2.67 

SITE  DATA 
(See  Text) 

Moderate 

1.71 

JAPANESE  DATA 

286 

0.29A 

Structural 

(SDF=r) 

2.01 

Structural 

(SDF=0.5) 

1.95 

Structural 

(SDF-O'*') 

1.59 

9A 


The  value  of  P^q  for  the  Moderate  Damage  criteria  and  the  Test  Site 
data  is  considerably  lower  than  even  the  SDF-0^  value  of  P^q  for  the 
Japanese  data.  This  is  quite  surprising,  since  according  to  their  defi- 
nitions the  Moderate  Damage  criteria  must  correspond  to  the  Structural 
Damage  criteria  with  some  SDF  value  greater  than  0+  and  less  than  1 . 

Although  the  mean  vulnerability  level  of  Wood  Frame  Buildings  is  not 
normally  denoted  as  being  sensitive  to  yield,  the  two  data  points  that 
were  produced  by  the  blast  effects  from  the  multimegaton  device  were 
deleted  from  the  Modified  Test  Site  data  set.  This  produces  a "best" 
estimate  of  the  distance-damage  sigma  that  is  about  a factor  of  two  lower 
than  the  value  estimated  from  the  Japanese  data.  The  best  estimate  values 
of  P^Q  for  the  Modified  Test  Site  data  set  are,  however,  more  In  conso- 
nance with  the  values  estimated  from  the  Japanese  data.  (The  Japanese 
Wood  Frame  Buildings  were  generally  denoted  as  having  heavier  roof  con- 
struction and  somewhat  weaker  wall  construction  than  produced  by  standard 
United  States  construction  practices  circa  1945.) 

Comparing  the  confidence  regions  for  the  values  of  P^q  and  Bp  for 
the  case  of  Moderate  Damage  and  the  Modified  Test  Site  data  with  the  con- 
fidence regions  for  the  Structural  Damage  and  the  Japanese  data  reveals 
the  relative  uncertainties  in  the  values  of  P^q  and  shown  in  Table  14  . 

At  the  0.5  confidence  level,  the  "best"  estimate  value  of  for  the 
Moderate  Damage  criteria  is  uncertain  by  a factor  of  about  2.3,  while 
the  "best"  estimate  of  for  the  Structural  Damage  criteria  is  uncertain 
by  a factor  of  about  1.2.  At  the  0.9  confidence  level  the  corresponding 
uncertainty  factors  are  about  5 and  1.5,  respectively. 

The  uncertainties  in  the  values  of  P^^  are  about  a factor  of  1.2  at 
the  0.5  confidence  level  and  1.4  at  the  0.9  confidence  level  for  both 
cases.  There  is,  however,  a fairly  strong  correlation  effect  present  in 
the  uncertainty  regions  for  the  Test  Site  data.  This  correlation  effect 
produces  the  result  that  if  the  true  value  of  is  greater  than  the  "best" 

estimate  value  shown  for  the  Modified  Test  Site  data  set,  the  true  values 
of  P^Q  are  most  likely  lower  than  the  values  shown  in  the  table.  tJo  such 
effect  is  apparent  in  the  confidence  regions  for  the  Japanese  data. 
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Overall,  this  comparison  of  the  Test  Site  data  and  the  Japanese  data 
for  the  Wood  Frame  Buildings  gives  ambiguous  results  In  terms  of  the 
values  of  P^q  and  o^.  The  results  suggest  that  the  value  of  may  be 
smaller  for  the  Test  Site  buildings  than  for  the  Japanese  buildings,  but 
the  uncertainties  in  the  values  of  P^q  and  for  the  Test  Site  data  are 
so  large  that  a positive  statement  on  the  relative  values  of  these  para- 
meters cannot  be  made  with  any  degree  of  confidence. 

G.  CONFIDENCE  LIMITS  ON  THE  VALUE  OF  THE  DISTANCE-DAMAGE  SIGMA 

The  discussion  up  to  this  point  has  dealt  mainly  with  the  estimated 
values  of  the  distance- damage  sigma  that  are  derived  from  the  Maximum 
Likelihood  Estimates  of  the  key  parameters  of  the  probability  of  damage 
relationship.  These  estimates  of  the  value  of  0^  have  ranged  from  about 
0.1  to  O.A,  depending  on  the  structure  classification,  damage  criteria, 
and  damage  law  being  considered.  The  purpose  of  this  section  is  to  exam- 
ine the  confidence  limits  on  the  true  values  of  the  distance-damage  sigma 
that  exist  for  several  of  the  cases  that  have  been  examined  in  order  to 
see  what  insight  this  will  provide  on  resolving  some  of  the  ambiguities 
that  have  arisen  in  the  discussion  to  date. 

Figure  20  compares  the  confidence  regions  for  P^q  and  that  are 
derived  using  each  of  the  three  damage  laws  for  the  case  of  Structura] 
Damage  to  the  Single-Story  Masonry  Load-Bearing-Wall  Buildings.  The 
particular  cases  shown  utilized  the  Unspecified  Damage  Fraction  defini- 
tion for  the  probability  of  damage.  The  MLE  values  of  the  distance- 
damage  sigma  derived  from  the  three  damage  laws  are:  Cumulative  Log 
Normal  Damage  Law,  - 0.233;  Cumulative  Log  Uniform  Damage  Law,  = 
0.263;  and  Cumulative  Log  Triangular  Damage  Law,  = 0.2^t8. 

At  both  of  the  confidence  levels  shown  in  the  figure,  there  is 
fairly  good  agreement  among  the  three  damage  laws  as  to  the  upper  bound 
on  the  value  of  o^,  the  0.5  confidence  level  value  being  about  0.30  and 
the  0.9  confidence  level  value  being  about  0.37.  The  lower  bound 
values,  however,  are  somewhat  different.  At  the  0.5  confidence  level, 
the  lower  bound  values  of  range  from  about  0.20  to  0.24  depending  on 
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which  damage  law  is  being  considered,  while  at  the  0.9  confidence  level 
the  lower  bounds  on  range  from  about  0.17  to  0.23. 

Part  of  the  reason  for  these  differences  is  understood  and  is  data- 
set peculiar.  For  the  Log  Uniform  and  the  Log  Triangular  Damage  Laws,  a 
bound  exists  on  the' lower  left-hand  side  of  the  0.9  confidence  region 
that  is  defined  by  the  highest  calculated  peak  pressure  at  which  a build- 
ing in  the  data  set  has  less  than  unity  damage.  This  accounts  for  part 
of  the  difference  between  the  Cumulative  Log  Normal  and  the  Cumulative 
Log  Triangular  Damage  Law  regions  at  the  0.9  confidence  level. 

The  extreme  difference  in  shape  of  the  confidence  regions  for  the 
Cumulative  Log  Uniform  Damage  Law  is  not  understood  at  all.  The  canted 
shape  indicates  that  if  the  true  value  of  is  greater  than  the  MLE 
estimate,  then  the  true  value  of  P50  is  most  likely  less  than  the  MLE 
estimate  and  vice  versa.  This  sort  of  behavior  is  not  a consequence  cf 

the  shapes  of  tlie  coatldence  regions  for  the  other  two  damage  laws. 

(The  canted  confidence  regions  for  the  Cumulative  Log  Triangular  Damage 
Law  should  not  be  thought  of  as  a reason  for  doubting  the  validity  of 
this  form  of  probability  of  damage  relationship.  Canted  confidence 
regions  occur  in  certain  cases  with  the  Cumulative  Log  Normal  Damage  Law.) 

Since  the  Cumulative  Log  Normal  and  the  Cumulative  Log  Triangular  Damage 

Laws  generally  give  slightly  better  fits  to  the  data  than  does  the 
Cumulative  Log  Uniform  Damage  Law,  only  the  former  two  damage  laws  will 
be  used  in  the  discussion  that  follows. 

The  principal  difficulties  with  the  Cumulative  Log  Normal  Damage 

Law  that  have  been  mentioned  up  to  this  point  are  the  differences  in 

the  point  estimates  of  the  values  of  the  distance-damage  sigma  (o^)  for 

the  Structural  and  Superficial  Damage  criteria  and  the  differences  in 

the  value  of  a,  from  one  structure  class  to  another.  Differences 
a 

in  the  value  of  a,  for  the  Structural  and  Superficial  Damage  criteria 
a 

have  been  particularly  troublesome,  since  they  lead  to  obvious  absurdi- 
ties . 

Figure  21  compares  the  0.5  and  0.9  confidence  limits  on  the  values 
of  the  dlstance-damaee  slenia  for  the  Structural  and  Superficial  Damage 
criteria  that  are  derived  from  the  data  sets  for  the  various  major 
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FIGURE  21 


COMPARISON  OF  CONFIDENCE  LIMITS  ON  VALUE 
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structural  classifications  considered  in  the  analysis  using  the  Cumulative 
Log  Normal  Damage  Law.  The  particular  values  shown  represent  the  maxi- 
mum uncertainty  in  the  value  of  for  the  given  confidence  level. 

The  agreement  between  the  uncertainty  regions  for  the  two  damage 
criteria  is  quite  good  for  the  Single-Story  and  Multistory  Masonry  Load- 
Bearing-Wall  and  Multistory  Wood  Frame  Building  cases.  This  should 
probably  be  expected,  since  the  MLE  values  of  the  distance-damage  sigma 
for  the  two  damage  criteria  are  nearly  identical  for  these  cases  (see 
Table  5).  ^he  magnitude  of  the  uncertainties  in  the  value  of  for 

these  cases  also  suggests  that  the  uncertainties  in  the  probability  of 
damage  versus  distance  relationship  should  be  slightly  larger  for  the 
case  of  the  Multistory  Masonry  Load-Beariiig-Wall  Buildings'  and  slightly 
smaller  for  the  case  of  the  Multistory  Wood  Frame  Buildings  than  chose 
shown  in  Figure  12  for  the  case  of  the  Single-Story  Masonry  I.oad-Bearing- 
Wall  Buildings. 

The  agreement  between  the  confidence  limits  for  o.  is  less  satisfac- 

d 

tory  for  the  remaining  three  major  structure  classifications.  For  the 
Single-Story  Wood  Frame  and  Light  Steel  Frame  Buildings,  the  confidence 
limits  for  the  Superficial  Damage  criteria  are  somewhat  lower  than  those 
for  the  Structural  Damage  criteria,  while  for  the  Heavy  Steel  Frame 
Buildings  the  confidence  limits  for  Structural  Damage  are  about  1.5  times 
as  large  as  those  for  the  Superficial  Damage  criteria.  Since  the  value  of 
Oj  must,  for  any  particular  structure  class,  be  Identical  for  the  Struc- 
tural and  Superficial  Damage  criteria,  this  suggests  that  the  most  likely 
"true"  value  of  o^  for  these  cases  is  in  the  region  of  overlap  of  the 
confidence  regions. 

Also  shown  in  the  figure  are  the  confidence  limits  for  the  two  cases 
of  structure  subclassifications  that  were  seen  in  Section  V.C.  to  give 
apparently  real  reductions  in  the  value  of  over  the  value  found  for  the 
structure  class  as  a whole,  i.e.,  Single-Story  Wood  Frame  Buildings  with 
Normal  Walls,  Wood  Roof  Trusses,  and  Roof  Cover  Materials  that  Fail  Slowly; 
and  Single-Story  Light  Steel  Frame  Buildings  with  I-Beam  or  Normal  Lattice 
Steel  Columns.  Comparison  of  these  limits  with  the  corresponding  values 
for  the  major  structural  classification  shows  that  the  0.5  confidence 
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limits  are  moved  to  the  left  (l.e.,  they  encompass  lower  values  of  o j) , 
while  the  0.9  confidence  limits  span  a somewhat  larger  span  of  values 
for  0^.  For  the  Single-Story  Wood  Frame  Buildings,  the  agreement  between 
the  confidence  limits  for  the  Structural  and  Superficial  Damage  criteria 
is  also  improved  somewhat. 

Figure  22  shows  similar  data  as  that  shown  in  Figure  21,  except  that 
the  Cumulative  Log  Triangular  Damage  Law  rather  than  the  Cumulative  Log 
Normal  Damage  Law  is  used  to  derive  the  values  of  the  distance-damage 
sigma.  The  general  trends  shown  in  the  figure  are  similar  to  those  dis- 
cussed with  the  case  of  the  Cumulative  Log  Normal  Damage  Law.  The  major 
difference  in  the  results  is  that  Che  uncertainty  regions  for  the  value 
of  the  distance-damage  sigma  derived  using  the  Cumulative  Log  Triangular 
Damage  Law  are  generally  somewhat  smaller  than  the  corresponding  uncer- 
tainty regions  derived  using  the  Cumulative  Log  Normal  Damage  Law. 

Overall,  these  confidence  limits  on  the  values  of  the  distance- 

damage  sigma  suggest  that  the  value  of  is  almost  certainly  less  for 

the  Multistory  Buildings,  being  most  likely  in  the  region  of  * 0.10  to 

Oj  = 0.15.  (From  Tables  5 and  7,  the  "best"  estimate  values  of  are, 

for  both  structure  types,  about  0.11).  For  the  Single-Story  Buildings 

(and  Glass  Breakage),  these  confidence  limits  suggest  the  "true"  value 

of  Oj  is  most  likely  in  the  region  of  o^  = 0.25  to  0.35,  with  perhaps  some 

difference  in  the  value  of  o . from  one  structure  class  to  another. 
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APPENDIX  A 


BUILDINGS  IN  STRUCTURE  OR  GLASS  DAMAGE  DATA  FILES 

The  buildings  at  Hiroshima  and  Nagasaki  are  divided  into  seven  major 
types  of  structures:  Masonry  Load-Bearing-Wall,  Wood  Frame,  Light  Steel 
Frame,  Heavy  Steel  Frame,  Heavy  Steel  Frame  with  heavy  cranes  (>25  tons). 
Reinforced  Concrete  Frame,  and  Composite  Buildings.  All  types  are  used 
for  Structural,  Superficial,  and  Glass  Damage,  except  the  last  two  types 
which  are  used  only  for  Glass  Damage  and  occasionally  for  Roof  Damage. 

Each  entry  in  the  data  file  represents  a building  (or  group  of 
several  identical  buildings)  and  contains  a building  identifier,  indi- 
cates the  city,  whether  it  is  single-story  or  multistory,  and  the  distance 
from  the  ground  zero.  Each  type  Is  subdivided  according  to  wall  and  roof 
types  based  on  the  structural  members  and  covering  material.  The  damage 
is  reported  in  four  percentages:  Structural  Damage  to  Walls  (if  load- 
bearing)  or  framing.  Structural  Damage  to  Roofs,  Superficial  Damage,  and 
Glass  Breakage.  The  Structural  Damage  percentage  is  the  fraction  of  the 
building  damaged  structurally.  The  Superficial  Damage  indicates  the 
fraction  of  the  total  surface  area  of  the  roof  and  wall  covering  material 
damaged.  In  the  case  of  Masonry  Load-Bearing-Wall  Buildings,  no  Super- 
ficial Damage  is  possible  to  the  walls  without  causing  Structural  Damage. 

The  percentage  in  this  Instance  is  the  fraction  of  the  roof  covering  dam- 
aged. 

The  study  also  examined  Structural  Damage  criteria  as  well  as  the 
above  four.  This  criteria  is  defined  as  the  maximum  of  Structural  Damrge 
to  Walls  and  Structural  Damage  to  Roofs.  In  some  cases,  one  or  more  of 
the  damage  percentages  is  not  available  due  to  incomplete  data.  The  data 
file  also  indicates  the  source  document  for  each  building  and  any  additional 
comments  deemed  necessary  for  explanation.  The  exhibits  at  the  end  of  this 
appendix  present  all  the  data  files  used  in  the  study,  together  with  a 
list  of  other  buildings  not  included  and  the  reason  for  exclusion. 
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A.  WALL  TYPE 


j It  was  desirable  in  the  analysis  to  subdivide  the  buildings  by  the 

type  of  wall  or  load-bearing  member.  When  the  type  of  wall  was  unknown, 
this  was  indicated  by  Type  9. 

For  Masonry  Load-Bearing-Wall  Buildings,  the  thickness  of  the  load- 
bearing-walls was  an  Important  characteristic.  The  following  table  ex- 
plains the  classifications. 

r- 

I 

I MASONRY  LOAD-BEARING-WALL  TYPES 

Wall  Thickness  (Inches) 

Minimum  Maximum 

Wall  Type  Thickness  Thickness 
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Wood  Frame  Buildings  are  primarily  of  Wall  Type  1,  but  a few  bjild- 
Ings  are  different  enough  to  warrant  two  separate  wall  types.  Type  2 
contains  those  structures  that  have  wall  coverings  of  quick-failing 
material,  such  as  corrugated  asbestos  or  in  some  instances  open  walls 
with  no  covering  material  at  all.  Type  5 includes  those  Wood  Frame  Build- 
ings reinforced  with  heavy  steel  crane  columns. 

The  three  Steel  Frame  classifications  all  have  the  same  divisions 
of  wall  types.  The  two  major  types  are:  1)  nori'al  columns  with  slow- 
failing  wall  covering  material  (i.e.,  corrugated  iron)  and  2)  normal  col- 
umns with  quick-failing  wall  covering  material.  Normal  columns  are  I-beams, 
lattice  steel  columns  or  similar.  The  four  other  types  are  special  cases: 

3)  buildings  with  very  light  columns,  4)  buildings  having  concrete  panel 
walls,  5)  buildings  with  reinforced  concrete  walls  around  the  steel  col- 
umns, and  6)  buildings  with  lattice  steel  columns  filled  with  concrete 
for  added  strength. 
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The  reinforced  concrete  frame  and  composite  structure  buildings  are 
not  subdivided  by  wall  type,  since  wall  damage  for  those  types  are  not 
examined  in  this  study.  Note  also  that  Multistory  Heavy  Steel  Frame 
Buildings  are  not  divided  into  heavy  and  light  crane  columns.  This  inf or- 
mat  ion  was  only  available  for  the  single-story  buildings. 

B.  ROOF  TYPE 

The  roofs  of  L>e  buildings  are  basically  of  five  types  regardless 
of  the  kind  of  building  frame,  so  that  the  roof  type  classification  is 
the  same  for  all  buildings.  The  classification  depends  upon  the  struc- 
tural member  or  trusses  and  the  roof  covering  material.  The  following 
table  summarizes  roof  types. 


IZES 

1 

2 

3 

k 

5 

9 


ROOF  TYPES 

Structural 

Members 

Rein.  Concrete 

Steel 

Steel 

Wood 

Wood 

Unknown 


Covering 

Material 

Slow-Failing 

Slow-Failing 

Quick-Falling 

Slow-Failing 

QuicK-Faillng 

Unknown 


Some  of  the  reinforced  concrete  frame  and  composite  structures  con- 
tain roofs  of  Types  2-5.  In  these  instances,  the  roof  type  and  Structural 
Damage  to  Roofs  were  included  in  the  data  file  and  the  analysis.  Damage 
to  reinforced  concrete  roofs  was,  in  general,  not  of  interest  to  the  study. 

C.  KEY  TO  DATA  FILES 
1 . Building  Identifier 

Each  entry  in  the  data  file  contains  a building  number  and  group 
identifier  (if  applicable)  used  in  the  source  documents.  In  some  cases, 
the  buildings  are  subdivided  one  or  two  times.  For  example,  Group  52, 


A-3 


Building  Number  5,  Subdivision  B1  and  B2.  If  more  than  one  building  is 
Included  in  a single  entry,  the  numbers  are  separated  by  commas  or  a dash 
to  indicate  a sequence.  (For  example,  6A1-4  indicates  four  buildings  from 
6A1  to  6A4.) 


2.  Type 

Wall  and  Roof  type  explained  above. 

3.  Distance 

Distance  from  the  building  to  the  ground  zero  in  feet. 

4.  Damage 

Structural  Damage  to  Walls,  Roofs;  Superficial  Damage  to  Wall  and 
Roof  Covers;  and  Glass  Damage  as  explained  previously.  Percent  of  build- 
ing  damaged . 

5.  Source 


The  primary  source  document  for  each  building  entry  is  indicated  ac- 


cording to  the  following  abbreviations 

SBS  I,  II,  or  III: 

BYD: 

SBS  WORKING  PAPERS: 
(or  Notes) 


Strategic  Bombing  Survey  Report, 
Volume  I,  11,  or  III  for  Hiroshima 
or  Nagasaki  (as  indicated  in  the 
title  heading) . 

Report  of  the  Bureau  of  Yards  and 
Docks  Mission  to' Japan  1945.  Inci 
dents  in  Hiroshima. 

From  the  workih'g  papers  and  notes 
of  the  Strategic  Bombing  Survey 
Teams  at  the  National  Archives. 


6 .  Comments 

Other  explanatory  information  is  Included  in  this  column. 
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MASONRY  LOAD-BEARING-WALL  BUILDINGS  AT  HIROSHIMA 
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MULTISTORY  MASONRY  LOAD-BEARING-WALL  BUILDINGS  AT  HIROSHIMA 


MULTISTORY  MASONRY  LOAD-BEARING-WALL  BUILDINGS  AT  HIROSHIMA  (Cont.) 


SINGLE-STORY  WOOD  FRAME  BUILDINGS  AT  HIROSHIMA 
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SINGLE-STORY  WOOD  FRAME  BUILDINGS  AT  HIROSHIMA  (Cont.) 


SINGLE-STORY  WOOD  FRAME  BUILDINGS  AT  NAGASAKI 
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SINGLE-STORY  WOOD  F»«ME  BUILDINGS  AT  NAGASAKI  (Cont.) 


SINGLE-STORY  WOOD  FRAME  BUILDINGS  AT  NAGASAKI  (Cont.) 
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SINGLE-STORY  LIGHT  STEEL  FRAME  BUILDINGS  AT  HIROSHIMA  (Cont.) 
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EXHIBIT  A- 17 

REINFORCED  CONCRETE  FRAME  BUILDINGS  AT  HIROSHIMA 
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BUILDING  TYPE  DAMAGE 

DISTANCE  SOURCE  COMMENTS 

Group  No.  Wall  Roof  (Feet)  Wall  Roof  Superf  Glass 
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REINFORCED  CONCRETE  FRAME  BUILDINGS  AT  NAGASAKI  (Cont.) 
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REINFORCED  CONCRETE  FRAME  BUILDINGS  AT  NAGASAKI  (Cont.) 


12400  — .95  SBS  II 

12400  ^ — 1.00  SBS  II 


COMPOSITE  AND  OTHER  STRUCTURES  AT  HIROSHIMA 


COMPOSITE  AMD  OTHER  STRUCTURES  AT  NAGASAKI 


EXHIBIT  A-21 


BUILDINGS  NOT  INCLUDED  IN  DATA  FILES 
Reinforced  Concrete  Frame 


HIROSHIMA 

Bldg,  No. 

1,2 

6 

8 

9 

11 

1?. 

27 

28 

32A,B,D,E,H 

38 

40,41 

43 

47-51 

62 

65 

67 

70 

74 

76 

79 

86 

96 

IOC 

116A,B,C,F 

121 

132-5 


NAGASAKI 


Group  Bldg.  No. 


4 

36B 

5 

6 

32 

A1 

32 

B 

35 

3 

36 

10 

56 

3 

55 

8,9 

55 

11,12 

84 

5 

91 

1 

94 

1-3 
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EXHIBIT  A-22 


BUILDINGS  WITH  SBS  DAMAGE  TABL.E. 


HIROSHIMA 

Bldg.  No.  Reason  for  Exclusion 

71  Fire  damage 

73  Fire  damage 


NAGASAKI 


Group 

Bldg.  No. 

Reason  for  Exclusion 

4 

8A 

Not  a building 

13 

4 

Underground  structure 

26 

13 

H.E.  damage 

26 

17 

Not  a building 

26 

19 

H.E.  damage 

35 

1 

Fire  damage 

36 

1 

Fire  damage 

36 

4 

Not  a building 

40 

IR 

Fire  damage 

40 

4-6 

Not  buildings 

42 

1 

Fire  damage 

48 

3 

H.E.  damage 

52 

2A4 

Composite  (steel  frame,  wood  & brick) 

52 

12E1-3 

H.E.  damage 

52 

12F 

H.E.  damage 

52 

12G1-4 

H.E.  damage 

52 

12H1-5 

H.E.  damage 

52 

14 

H.E.  damage 

52 

15A1-2 

H.E.  damage 

52 

15B,C 

H.E.  damage 

52 

15D 

H.E.  damage 

52 

16A 

H.E.  damage 

52 

17A1-2 

H.E.  damage 

52 

17B,C 

H.E.  damage 

52 

17D 

H.E.  damage 

54 

12 

H.E.  damage 

55 

5 

Not  a building 

72 

1 

Fire  damage 

72 

2 

Fire  damage 

81 

1 

Fire  damage 

81 

2 

Fire  damage 

81 

4 

Bldg,  being  taken  down  when  inspected 

81 

5 

Not  a building 

A-43 
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APPENDIX  B 


STiiTISTICAL  ANALYSIS  RESULTS 

The  purpose  of  this  appendix  is  to  present  the  analysis  results  for 
every  structure  classification,  subclassification,  and  daiiiage  criteria 
examined  In  the  analysis  phase  of  the  efforts.  The  methodology  used  in 
these  analyses  is  described  in  Section  IV  of  the  main  body  of  the  report. 
Throughout  these  results,  the  Cumulative  Log  Normal  Damage  Law  and  a 
yield  of  12  Kt  for  the  Hiroshima  weapon  are  assumed. 

The  format  used  in  each  of  the  cases  examined  is  to  present  a series 
of  eight  graphs.  The  first  two  graphs  show  the  damage  versus  distance 
data  for  the  buildings  under  consideration  at  Hiroshima  and  Nagasaki, 
respectively.  Tfie  next  two  graphs  show  the  effect  of  the  Specified  Dam- 
age Fraction  on  the  values  o ^ ^50  and  Bjj  that  are  derived  from  these  data. 
The  next  graph  shows  the  effect  of  the  Specified  Damage  Fraction  on  the 
values  of  P^g  and  3p  that  are  derived  from  the  combined  data,  where  the 
combination  is  done  through  the  mechanism  of  calculated  peak  pressure. 

The  sixth  graph  shows  the.  0.5  and  0.9  confidence  level  regions  for  the 
true  values  of  P^g  and  Bp  that  are  derived  using  the  Unspecified  Damage 
Fraction  concept.  The  last  two  graphs  show  the  0.5  and  0.9  confidence 
regions  for  the  true  values  of  R^g  and  Bj^  that  are  derived  from  the  direct 
damage-distance  data  for  Hiroshima  and  Nagasaki  and  compares  the  confidence 
regions  that  are.  inferred  from  the  combined  damage-calculated  peak  pres- 
sure data. 

Figures  1 through  13  deal  with  the  cases  involving  Masonry  Load- 
Bearing-Wall  Buildings.  Figures  14  through  23  deal  with  the  Wood  Frame 
Buildings.  Figures  24  through  .30  deal  with  the  Light  Steel  Frame  Build- 
ings. Figures  31  through  36  deal  with  the  Heavy  Steel  Frame  Buildings. 
Figures  37  through  39  deal  with  the  combined  Light  and  Heavy  Steel  Frame 
Buildings  and  Figure  40  deals  with  glass  breakage. 
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I.  MASONRY  LOAD -BEARING-WALL  BUILDINGS 

The  data  base  includes  144  Masonry  Load-Bearing-Wall  Buildings,  of 
which  82  were  at  Hiroshima  and  62  were  at  Nagasaki.  The  breakdown  of  the 
number  of  these  buildings  according  to  Single-Story  or  Multistory  and 
wall  thickness  classifications  is  as  follows: 


NUMBER  OF  BUILDINGS 


WALL  TYPE 

SINGLE- 

•STORY 

MULTISTORY 

Hiro 

Naga 

Hiro 

5 

11 

3 

2 

0 

6 

11 

17 

3 

3 

7 

12 

0 

9 

0 

8 

3 

2 

5 

0 

9 

12 

30 

14 

7 

TOTAL 

49 

52 

33 

10 

Note  that 

the  thicker  v;all 

types 

(7  and  8) 

are  relatively 

more  scarce  than 

the  thin 

types  (5  and  6). 

Nagasaki  buildings  are  i 

distributed  particularly 

poorly,  with  nearly  all  the 

: identifiable  buildings 

having 

a wall 

thickness 

of  12  to 

14  inches. 

The 

breakdown  by  roof 

type 

is  as  follows: 

NUMBER 

OF  BUILDINGS 

ROOF  TYPE 

— 

SINGLE- 

-STORY 

MULTISTORY 

Hiro 

Naga 

Hiro 

Naga 

1 

3 

2 

3 

0 

n 

16 

14 

1 

0 

3 

3 

4 

0 

4 

4 

22 

21 

26 

4 

5 

4 

11 

2 

2 

9 

1 

0 

1 

0 

TOTAL 

49 

52 

33 

10 

B-3 


i 

I 


! 

!' 


i 

t 

( 


The  Single-Story  Buildings  are  obviously,  the  more  numerous  and  thus 
permit  the  greatest  subdivision  by  types  of  walls  and  roofs.  The  agree-- 
ment  amont  the  Bp's  la  fairly  good  for  all  the  sets  except  the  Quick 
Failing  Roof  Covering  Material/Superficial  Damage.  The  Bp's  correspond 
to  damage-distance  sigmas  (o^'s)  of  about  26  ± 4.  The  Quick  Failing  case 
is  obviously  a bad  data  set  as  evidenced  by  only  five  data  points  within 
one  sigma  of  the  mean  pressure.  Thus,  the  ilLE  values  are.  highly  suspect. 

The  Multistory  Buildings  are  isolated  into  only  two  sets  because  of 
insufficient  data.  And  even  these  sets  are  highly  suspect,  because  only 
two  or  three  data  points  are  near  the  mean  and  the  value  of  Bp  is  very  much 
lower  than  for  the  Single-Story  Buildings. 

The  Masonry  Load- Bearing-Wall  Buildings  are  also  isolated  by  thickness 
of  the  exterior  walls,  and  Structural  Damage  to  walls  is  examined.  The 
thin  wall  case  includes  thicnesses  of  7 to  14  inches  (Wall  Types  5 and  6), 
and  the  thick  will  case  includes  thicknesses  of  17  to  27  inches  (Wall  Types 
7 and  8).  It  was  not  possible  to  isolate  Multistory  Buildings  by  wall  type, 
but  a combined  Single-Story  and  Multistory  case  as  well  as  Single-Story 
alone  were  included  to  give  some  idea  of  the  effect  of  multiple  stories. 

The  thin  wall  data  sets  give  fairly  consistent  results  with  o^'s  of 
.28-. 30,  but  the  thick  wall  sets  are,  unfortunately,  somewhat  inadquate  with 
only  four  points  near  the  mean,  thus  giving  bad  results  on  the  Bp  values. 
Note  also  the  confidence  bounds  for  Bp  in  these  data  sets  are  quite  large  in 
comparison  to  the  better  data  sets. 

In  addition,  the  distribution  of  roof  types  between  steel  truss  (2 
and  3)  and  wood  truss  (4  and  5)  is  fairly  good  for  the  Single-Story  Build- 
ings but  poor  for  the  Multistory  Buildings.  However,  the  number  of  build- 
ings with  quick  failing  roof  covering  material  is  quite  small  (3  and  5). 

A summary  table  of  the  cases  examined  with  some  of  the  key  observa- 
tions is  shown  on  the  following  page. 
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SUMMARY  OF  MASONRY  LOAD-BEARING-WALL  BUILDINGS 


vO  (.O 


vr  vO 


(Ti  m ^ cs  CO 

CN  t-(  •-(  OJ  •-< 


CN|  C>l  00  <S 

m iTj  *-H  fo 


<N  m m 
tr\  (n  ^ 


cr»  o^  o\  'oO  o\  oo 

^ ^ ♦-H  cs  -^r  fo 


o o 

cn  cs 

o o 

cn 


00  t-H  00  04 


ui  m v£)  CN 


cn  04  O CM 

OJ  04 


o.  o^  04  m 

CM  04  04 


I 


m 

• ' 

VO 

O' 

<r 

o 

vO 

NT 

m Nf 

o 

, 

v£> 

SO 

cry 

vO 

so 

oo 

in 

Nf 

<r 

CO  m 

4 

Ch 

H 

• 

• 

4 

4 

« 

4 

« 

» 

• 

• • 

• 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 1 

i 

1 

1 

1 

OQ 

in 

03 

SO 

o 

o> 

m 

<T 

00  m 

Ov 

sD 

• 1 

04 

<S 

CN 

04 

OI 

OI 

o 

o 

O 

CM  O 

OI 

O 

« 

• 

4 

4 

♦ 

♦ 

' 

• 

• 

4 4 

• 

4 

§ 

CJ 

m 

IT) 

5^ 

04 

CO 

00 

o 

xn 

m 

m 

CO 

o» 

o o 

1*^ 

^-r 

• 

« 

4 

4 

4 

4 

• 

4 

• 

4 4 

4 

f, 

O 

o^ 

cn 

NT 

1 

<r 

1 

01 

1 

CN 

CM 

O'- 

in 

<f  vO 

<r 

00 

in 

1 

in 

1 

1 

in 

1 

1 

m 

1 

o 

1 

m 

1 

1 1 

1 

CN 

os 

in 

crv 

o. 

o 

so 

CO 

CM 

m vo 

m 

CM 

S 

« 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 4 

• 

4 

5E 

oi 

CN 

CN 

t— 1 

t-H 

CM 

fO 

CN  m 

CN 

fO 

04 

00 

OJ 

m 

in 

in 

ON 

O* 

CO 

cn 

in  oo 

ON 

• 

QQ 

OT 

CO 

CO 

NT 

4H 

4H 

i-M 

4H 

<T 

CM 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

J 

s 

o 

CN 

CN 

in 

in 

•—1 

cn 

<n 

in 

o. 

pH 

«kJ- 

in 

O* 

in 

Nf 

o 

CJs 

so 

o 

^ cn 

CO 

04 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

« 

CN 

s. 

cn 

CN 

CN 

OJ 

4H 

cn 

CO  Nj- 

cn 

>d* 

•H 

U-l 

rH 

0 

IM 

rH 

CO 

C 

IM 

0 

CO 

rH 

fH 

PC 

o 

o 

9c 

h4 

H rH 

tn  rH 

rH 

o 

pc; 

h4 

iH  CO 

!?  iH 

CO 

rH 

•-J 

r-1 

CO 

Qd 

iH 

rH 

5 

CO  ^ 

O tO 

9b 

cO 

(0 

to 

fH 

11 

(0 

CO 

X 

U a 

PC 

U 

u 

<U 

Id 

O 

&• 

u 

P 

M 

c 

CO 

M 

o 

P 

9 

p 

OJ 

o 

•H 

rH 

o 

•H 

9 

9 

c 

p u 

a 

CJ 

H 

u 

iJ 

4J 

4J 

»5 

IM 

iH 

9 

PC4 

JJ 

JJ 

4J 

t4  iH 

O iH 

*H 

1, 

o 

p 

CJ 

p 

u 

p 

cn 

Sc 

0) 

cn 

O' 

O 

H 

CJ 

P 

CJ 

9 

s 

CO 

fH 

60H 

Cx3 

M 

4 

• 

o« 

4 

4 

4 

M 

H 

9 

fj 

*J 

•u 

4i 

to 

9 

CO 

41 

o 

M 

iJ 

C*N 

4 4 

•rt  • 

4 

O 

CO 

CO 

to 

cn 

H 

CO 

CO 

& 

CO  pD 

CO  CO 

:z 

DC 

M 

4 

• 

4 

4 

o 

4 

H 

4 

W 

rH 

CN 

cn 

NT 

£ 

rH 

CN 

CO 

fH 

C'j 

OQ 


O 


t 


i 

1 

I 

5 


J 


J 

} 


S 

J 

i 

II 

<i 

{ 


i 


B-5 


DAMAGE  VERSUS  DISTANCE  DATA 


DISTANCE  TO  GROUND  ZERO  (1000  FEET) 
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DISTANCE  TO  GROUND  ZERO  (1000  FEET) 


SPECIFIED  DAMAGE  FRACTION  SPECIFIED  DAMAGE  FRACTION 
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The  data  base  Includes  AOS  Wood  Frame  Buildings , 103  in  Hiroshima  and 
305  in  Nagasaki.  The  breakdown  of  the  buildings  by  city,  story,  and  wall 
type  is  as  follows: 

NUMBER  OF  BUILDINGS 


WALL  TYPE 

SINGLE-STORY 

MULTISTORY 

1 

Hiro 

Naga 

Hiro 

Naga 

i 1 

75 

220 

21 

38 

2 

2 

12 

1 

0 

c 

A 

1 

0 

0 

9 

0 

32 

n 

2 

TOTAL 

81 

265 

22 

AO 

Wall  Type  1 (normal  wood  walls) 

contains  the 

vast  majority  of  the 

j buildings  (87  percent). 

Wall  Type  2 

are  buildings  with  quick  failing 

or  open  walls,  and  Wall  Type  5 contains  heavy  crane  columns 

for  added 

support.  However,  there 

are  too  few 

data  points 

to  isolate 

these  classes 

The  breakdown  by  roof  type  is  shown  in  the  following  table: 

NUMBER  OF 

BUILDINGS 

ROOF  TYPE 

SINGLE- STORY 

MULTISTORY 

Hiro 

Naga 

Hiro 

Naga 

1 

0 

0 

0 

0 

2 

0 

1 

0 

0 

3 

0 

A 

0 

0 

A 

61 

191 

15 

31 

5 

17 

17 

3 

A 

9 

3 

51 

A 

5 

TOTAL 

81 

265 

22 

AO 

t 


I 


As  for  the  Masonry  Buildings,  the  various  subclasses  of  Single-Story 
Wood  Frame  Buildings  have  a fair  amount  of  consistency  In  the  Bp's.  Note 
that  this  means  damage-distance  sigmas  (o^'s)  of  about  32  +6. 

Although  Nagasaki  has  nearly  three  times  the  number  of  Wood  Frame 
Buildings  In  comparison  to  Hiroshima,  most  of  them  are  too  close  (or  too 
far)  from  the  ground  zero  to  help  the  analysis.  This  is  readily  apparent 
from  the  summary  table.  Note  that  the  Single-Story  Nagasaki  subclasses 
have  about  10  percent  of  the  points  near  the  mean  (the  superficial  slow 
and  quick  roof  types  have  5 and  0 percent,  respectively).  For  the  same 
cases,  the  Hiroshima  data  have  over  half  the  buildings  near  the  mean.  This 
may  be  one  possible  explanation  of  the  apparent  poor  agreement  between 
the  confidence  limits  for  the  two  cities. 

Since  70  percent  of  the  Single-Story  Buildings  have  normal  wood  walls 
and  slow  falling  wood  truss  roofs,  this  subclass  has  been  isolated  in  the 
Structural  and  Superficial  cases.  The  quick  failing  roof  class  has  also 
been  isolated  for  Superficial  Damage,  even  though  the  data  base  includes 
only  25  points  with  12  within  one  sigma  of  the  mean.  The  points  were  not 
adequately  placed  to  derive  meaningful  results  for  the  Structural  Damage, 
however. 

The  Multistory  buildings  are  examined  similarly  to  the  Single-Story, 
except  that  there  are  too  few  points  to  look  at  any  subdivision  except  the 
normal  wood  walls  and  slow  failing  roof.  The  results  show  a significantly 
lower  Bp  equivalent  to  a of  10  to  13.  Part  of  this  may  be  due  to  more 
homogeneity  in  construction  among  the  Multistory  Buildings.  For  example, 
referring  to  the  data  files  themselves,  most  of  the  critical  data  points 
are  School  Buildings.  No  such  statement  can  be  made  about  the  Single-Story 
Buildings,  which  are  of  widely  assorted  types  and  uses. 

Nearly  all  of  the  roofs  are  wooden  truss  with  slow  failing  roof  cover- 
ing material  (usually  wooden  sheathing  under  the  tile  or  other  roofing). 

The  few  buildings  with  steel  truss  roofs  or  wood  truss  roofs  with  quick 
falling  roof  covering  material  (typically  corrugated  asbestos)  are  insuf- 
ficient to  derive  reliable  results. 


B-111 


The  following  table  presents  the  cases  examined  and  some  of  the  key 
observations  as  for  the  Masonry  Load-Bearing-Wall  Buildings. 
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FIGURE  20e 
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CONFIDENCE  REGIONS  FOR  P50  AND  Pp 
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DAMAGE  VERSUS  DISTANCE  DATA 
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FIGU«E  23f 

CONFIDENCE  REGIONS  FOR  F50  AND  Dp 
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III.  LIGHT  STEEL  FRAME  BUILDINGS 


The  data  base  Includes  90  Light  Steel  Frame  Buildings,  43  in  Hiroshima 
and  47  in  Nagasaki.  All  are  single-story  buildings  by  definition  of  light 
steel  framing.  The  breakdown  by  wall  and  roof  type  is  as  follows: 


NUMBER  OF  BUILDINGS 

WALL  TYPE  Hiroshima  Nagasaki 


1 

2 

3 

4 
6 
9 

TOTAL 


13 

24 

2 

0 

2 

__2 

43 


35 

6 

0 

6 

0 

_0 

47 


ROOF  TYPE 

1 

2 

3 

4 

5 
9 

TOTAL 


NUMBER  OF  BUILDINGS 


Hiroshima 

0 

19 

20 
0 
2 

^ 

43 


Nagasaki 

0 

34 

13 

0 

0 

OL 

47 


The  vast  majority  of  the  buildings  (78  out  of  90)  are  of  the  I-Beam 
or  lattice  steel  column  types  (Wall  1 and  2,  or  normal  walls),  so  that  any 
isolation  of  the  very  light  column  or  concrete  wall  types  was  impossible. 
The  actual  cases  examined  are  shown  in  the  following  table  with  a summary 
of  some  of  the  results. 
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Two  subsets  of  the  Structural  Damage  criteria  were  examined,  all  the 
Light  Steel  Frame  Buildings  and  only  those  with  the  normal  I-Beam  or  lat- 
tice steel  columns  (no  concrete  or  very  light  columns).  Note  that  the 
mean  dynamic  pressure  is  very  nearly  the  same  for  each  set,  but  the  8^ 
drops  when  the  abnormal  wall  types  are  excluded.  This  is  equivalent  to  a 
drop  from  39  to  32.5.  The  placement  of  the  data  points  prevented  any 
significant  results  from  being  obtained  by  further  breakdowns. 

The  Superficial  Damage  criteria  v;as  examined  for  all  the  buildings 
only,  since  the  type  of  columns  makes  no  difference  to  wall  and  roof 
stripping.  The  for  the  Superficial  Damage  was  about  23. 

For  the  Structural  Damage  to  wall  criteria,  only  the  normal  type  walls 
and  a subset  with  slow-falling  wall  covers  were  examined.  It  was  felt 
that  including  the  concrete  reinforced  f'ame  (or  the  very  light  column) 
types  would  not  give  a meaningful  class,  since  type  would  probably  be  much 
more  resistant  to  structural  wall  damage  (the  very  light  columns  would  have 
the  opposite  efiect).  The  normal  wall  set  has  a mean  pressure  about  the 
same  as  for  the  Structural  Damage  criteria,  but  the  6q  Is  significantly 
reduced.  This  is  equivalent  to  a of  28  consistent  with  the  other 
major  classes  of  buildings  (e.g..  Wood  Frame).  The  slow-failing  wall 
subset  gives  a higher  mean  pressure  but  because  of  a higher  6q  and  much 
larger  confidence  intervals,  the  result  is  not  significant.  Note  also 
that  the  buildings  with  normal  walls  and  quick  wall  types  number  6 in 
Nagasaki  and  24  in  Hiroshima.  The  result  of  adding  the  six  buildings  at 
Nagasaki  is  not  important,  but  in  Hiroshima  the  effect  is  great.  The 
slow  wall  subset  does  not  have  any  buildings  at  a distance  further  than 
about  8000  feet  from  the  ground  /.ero  at  Hiroshima,  and  the  quick  wall 
buildings  are  "’ustly  at  greater  than  8000  feet,  so  that  the  combined  is  a 
much  better  data  set. 

Thus,  taking  only  the  reliable  data  sets,  the  MLE  vary  only  from 

about  28  to  34,  except  for  the  Superficial  Damage.  A possible  reason  for 
this  is  detailed  in  the  main  text.  A larger  data  set  for  Superficial 
Damage  is  examined  later  when  Light  and  Heavy  Steel  Frame  Buildings  are 
combined . 
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FIGURE  24g 

CONFIDENCE  REGIONS  FOR  R5g  AND  Pp_ 
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FIGURE  24h 

CONFIDENCE  REGIONS  FOR  R50  AND  Dr 
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SINGLE-STORY  LIGHT  STEEL  FRAME  BUILDINGS  AT  HIROSHIMA 
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FIGURE  30g 

CONFIDENCE  REGIONS  FOR  R5g  AND 
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IV.  HEAVY  STEEL  FRAME  BUILDINGS 


The  data  base  includes  71  Heavy  Steel  Frame  Buildings,  66  in  Naga- 
saki and  only  five  in  Hiroshima.  The  Single-Story  Buildings  are  divided 
into  two  groups,  those  with  cranes  less  than  25  tons  and  those  with 
cranes  greater  than  25  tons.  For  the  Multistory  Buildings,  the  crane 
size  Is  not  distinguished.  The  breakdown  by  wall  type  is  as  follows: 


SINGLE- 

■STORY 

MULTISTORY 

Light 

Crane 

Heavy  Crane 

WALL  TfPE 

Hlro 

Naga 

Naga 

Hiro 

Naga 

1 

3 

23 

6 

1 

23 

2 

0 

9 

0 

0 

4 

3 

0 

0 

0 

0 

0 

A 

0 

0 

0 

1 

1 

6 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

TOTAL 

3 

32 

6 

2 

28 

Note  that  the 

Single-Story 

Buildings  with  heavy  cranes 

exist  only 

In 

Nagasaki,  and 

with  only  6 data  points 

no  isolation  is 

possible. 

The  roof 

types  are  as 

follows : 

SINGLE- 

•STORY 

MULTISTORY 

_Ll£ht 

Crane 

Heavy  Crane 

WALL  TYPE 

Hiro 

Naga 

Naga 

Hiro 

Naga 

1 

0 

0 

0 

2 

2 

2 

0 

23 

4 

0 

19 

3 

1 

9 

2 

0 

7 

4 

0 

0 

0 

0 

0 

5 

2 

0 

0 

0 

0 

9 

0 

0 

_0_ 

0 

0 

TOTAL 

3 

32 

6 

2 

28 
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The  Heavy  Steel  Frame  data  base  le  a particularly  bad  one.  All  but 
a few  of  the  buildings  are  at  Nagasaki,  and  the  data  sets  are  character- 
ized by  large  gaps  at  certain  distances  from  the  ground  zero.  In  general 
this  leads  to  large  confidence  regions  and  unreliable  M.L.E.'s.  Thus, 
the  results  have  to  be  examined  carefully. 

The  summary  of  the  charts  is  presented  on  the  following  page.  Note 
that  the  Single-Story  Buildings  data  sets  include  both  light  and  heavy 
crane  types. 

Only  one  of  the  data  sets  for  the  Single-Story  Buildings  is  nearly  as 
good  as  most  of  the  data  sets  in  the  other  major  classes  and  that  is  the 
Structural  Damage  criteria.  Note  that  the  of  29  is  similar  to  the 
other  major  classes.  However,  the  Structural  Damage  is  probably  dominated 
by  the  roof  damage  as  the  next  four  sets  show.  Although  Che  data  sets  for 
the  Structural  Damage  to  Walls  are  not  very  reliable,  they  give  an  indi- 
cation of  much  greater  mean  dynamic  pressure  than  for  Structural  Damage  to 
Roofs . 

Unfortunately,  the  gaps  in  the  data  occur  in  critical  places  for  the 
Structural  Damage  to  Wall  subsets,  either  driving  the  very  high  with  a 
relatively  low  mean  or  very  low  with  a mean  pressure  of  double  the  other 
data  set.  Thus,  both  normal  wall  and  slow  wall  subsets  probably  give  un- 
reliable results. 

The  Structural  Damage  to  Roofs  data  are  also  unreliable,  especially 
the  slow  falling  roof  subset,  which  has  huge  confidence  intervals. 

For  Superficial  Damage,  the  Single-Story  and  Multistory  Buildings 
were  conbined  to  try  and  obtain  more  reliable  results.  A o^  value  of  34 
is  a bit  higher  than  the  other  building  types,  however.  The  next  section 
combines  the  light  and  heavy  steel  frame  for  Superficial  Damage  to  obtain 
a larger  data  set. 
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FIGURE  32e 

EFFECT  OF  SPECIFIED  DAMAGE  FRACTION  ON  M.L.E.  OF  Q50  AND  Pq 
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FIGURE  349 

CONFIDENCE  REGIONS  FOR  R5Q  AND  Pr 
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FIGURE  36g 

CONFIDENCE  REGIONS  FOR  R50  AND  Pr 


8*0  9*0  fO 


V.  LIGHT  AMD  HE..VY  STEEL  FRAME  BUILDINGS 

This  grouping  combines  the  Single-Story  Light  Steel  Frame  Buildings 
with  the  Single-Story  Heavy  Steel  Frame  Buildings  to  examine  the  super- 
ficial damage  criteria.  The  data  base  includes  131  buildings,  46  in  Hiro- 
shima and  85  in  Nagasaki.  The  breakdown  by  wall  and  roof  types  are  shown 
belo.w: 


WALL  TYPE 

1 

2 

3 

4 
6 
9 

TOTAL 


ROOF  TYPE 

2 
3 
5 
9 

TOTAL 

There  are  sufficient  numbers  of  both  slow-  and  quick-failing  wall  and 
roof  cover  materials  to  permit  their  isolation  for  this  combination  of  data. 
The  following  table  shows  the  cases  examined  and  a summary  of  the  data. 


NUMBER  OF  BUILDINGS 
Hiroshima  Nagasaki 


16 

24 

2 

0 

2 

2 

46 


64 

15 

0 

6 

0 

0 

85 


NUMBER  OF  BUILDINGS 


Hiroshima 

19 

21 

4 

2 

46 


Nagasaki 

61 

24 

0 

0 

85 
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The  Superficial  Damage  criteria  for  the  combined  Single-Story  Steel 
Frame  Buildings  gives  a more  reliable  data  base.  The  mean  pressure  of 
1,91  compares  with  the  Light  Steel  Frame  value  of  1.90  and  the  less  reli- 
able Heavy  Steel  Frame  value  of  2.35.  The  o^  of  this  set  la  28,  similar 
to  the  other  building  types.  The  Oj's  for  Light  and  Heavy  Steel  Frame 
Buildings  are  23  and  3A,  respectively. 

It  was  also  possible  to  isolate  the  slow-  and  quick-falling  wall  and 
roof  types  for  analysis.  Although  the  results  are  not  quite  as  reliable 
as  evidenced  by  the  larger  confidence  Intervals  and  smaller  data  sets,  it 
gives  an  Indication  of  the  effect  of  wall  and  roof  cover  material  on  Super- 
ficial Damage. 
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SPECIFIED  DAMAGE  FRACTION  SPECIFIED  DAMAGE  FRACTION 


0.4 


BUILDINGS 


DISTANCE  TO  GROUND  ZERO  (1000  FEET) 


DISTANCE  TO  GROUND  ZERO  (1000  FEET) 
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SPECIFIED  DAMAGE  FRACTION 
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INFERRED  FROM  PRESSURE  DATA 
ASSUMING  HIROSHIMA  YIELD  = 12  KT 


DAMAGE  VERSUS  DISTANCE  DATA 


X 

m 

o 

cc 

I— « >- 

X -J 

< »-* 
X 
O' 
CD 

X CO 

HH 

a 

-j  < 


o *-1 
^ o 

M CQ 

o 

CO  Ui 


O h" 

Z .J 

►H  3 

(/I  z 

o X 


o o 


r) 

< 

X 

-J 

< 

X 

UJ 

ut 

X 

»- 

<2 

UJ 

»— * 

h- 

X 

Lk. 

u 

X 

UJ 

UJ 

X 

C9 

UJ 

h- 

UJ 

> 

co 

o 

< 

o 

o 

>- 

X 

u. 

•J 

X 

O 

o 

< 

o 



un 

X 

o 

o 

1 

UJ 

•o 

u. 

X 

o 

UI 

z 

X 

o 

►--< 

to 

o 

CO 

Q39VWVQ  ONiaiing  jo  NoiiDvad 


B-325 


DISTANCE  TO  GROUND  ZERO  (1000  FEET) 
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DAMAGE  VERSUS  DISTANCE  DATA 
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FIGURE  40f 

CONFIDENCE  REGIONS  FOR  P50  .AND  Pp 
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